i 


A. M. A. 


ARCHIVES OF 


Industrial Hygiene 


and 


Occupational Medicine 


EDITORIAL BOARD 


PHILIP DRINKER, Chief Editor 
55 Shattuck Street, Boston 15 


CHRISTOPHER LEGGO, Crockett, Calif. OSCAR A. SANDER, Milwaukee 

ROBERT O’CONNOR, Boston H. H. SCHRENK, Pittsburgh 

FRANK PRINCI, Cincinnati CHARLES F. SHOOK, Toledo 
HERBERT E. STOKINGER, Cincinnati 


NOVEMBER 1954 
VOLUME 10 NUMBER 5 


Published Monthly by 


AMERICAN MEDICAL ASSOCIATION 


535 NORTH DEARBORN STREET e@ CHICAGO 10, ILLINOIS 


Entered as Second Class Matter Jan. 4, 1950, at the Postoffice at Chi- 
cago, Under the Act of March 3, 1879. Annual Subscription, $8.00 


| TABLE OF CONTENTS FIRST PAGE 


a 
| | 
— 


his cooperation to 


stamp 


© MEDICAL 


In your personal cleanliness program aimed at stopping industrial dermatitis 
it is important to provide a mild skin cleanser. Mildness, however, is not the 
only consideration. Workers must LIKE the cleanser furnished and be assured 
that it will get their hands really clean and do the job quickly. Worker dis- 
satisfaction in company provided skin cleansers often tends to drive him back 
to his old, dangerous methods of cleansing his skin with industrial solvents 
and self-provided, harsh soaps. These methods, of course, may cause the 
skin to roughen and crack,leaving the skin open to infection. 


For nearly 30 years 


PAX-LANO-SAV 
GRANULATED SKIN CLEANSER 


has been continuously and enthusiastically endorsed by all classes and trades 
of industrial workers. 


Pax-Lano-Sav’Heavy Duty is a mild skin cleanser yet it has plenty of power to 
get tough industrial grime off fast. Contains just the right amount of soothing 
emollients (including Lanolin) and has a vigorous ‘‘wash cloth’ action that 
leaves the hands feeling good. Workers like it so well that thousands have 
written unsolicited letters praising it's benefits. Many too have bought it direct 
for use in their own homes. When your company provides Pax you may be 
sure of worker cooperation in your cleanliness program. 

Write on your letterhead for a test sample, complete information and proof 
of Pax-Lano-Sav Heavy Duty’s acceptance by workers. 

Pax-Lano-Sav Heavy Duty has been awarded the Seal of Acceptance of the 
Committee on Cosmetics of the American Medical Association. 


Always LOOK for the PAX ROOSTER 


for it's Your Assurance of a Superior Product 


G. PACKWOOD MFG. CoO. 


Manupacturing Chemists 
1537 TOWER GROVE AVE. «+ ST. LOUIS 10, MO. 
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ct Convenient cloth carrying pouch with instruction tag. 


Inflatable cuff, 3’ wide, covered with dirt-resistant, 
easily cleaned, woven fabric. 


‘a Cloth strap, 23’ long, for wrapping cuff and itself 
around limb. 


4) Metal fastener with three teeth to hold strap in position 
under pressure. 


5] Metal fastener of strap to cuff. 
6 Pressure release valve. 
© button. 
Cartridge container. 
0) Standard CO2 gas cartridge. 


ROBBINS 
OURNIQUET 


Se Body of instrument containing regulator mechanism. 


ENTIRELY AUTOMATIC The cuff is wrapped around the 
leg or arm close to the wound and between the wound 
and the heart. A twist of the cartridge container releases 
the gas pressure, inflates the cuff and exerts a uniform 
squeeze at the correct pressure to instantly stop the flow 
of blood. No probing for pressure points is necessary. 
A constant, uniform pressure is maintained until re- 
leased by depressing the off-on control button. 
UNIFORM, CONSTANT PRESSURE Variation in pressure 
caused by changes in altitude, temperature, or by flexing 
a muscle is controlled automatically by the mechanism. 
The mechanism similarly compensates for the bulk when 
the cuff is applied over clothing. The pressure is ade- 
quate to stop the flow of blood without injury to cell 
tissues if not maintained for too long a period of time. 
PUSH BUTTON CONTROL If there is a long interval be- 
tween application and professional care, the pressure 
may be released and reapplied by pressing and then re- 
leasing the off-on control button. 


COMPACT UNIT The cuff is permanently attached to the 
mechanism; the only removable parts are the gas cartridge 
and cartridge cover. Weighing only 15 ounces, the Rob- 
bins Tourniquet can be readily self-applied, is easy to 
carry and its light weight is no hardship to the injured 
person even in walking. 


YEARS OF SERVICE Robbins Tourniquets are built for 
a lifetime of service in any temperature or altitude. Only 
the gas cartridges need be replaced. The cartridges de- 
liver approximately 10 inflations on the leg, 15 inflations 
on the arm. 


FIELDS OF USE Industrial dispensaries, public utilities, 
construction, mining, logging, first-aid rooms and in- 
firmaries, hospital out-patient departments, ambulances, 
fire apparatus, police cars, trainer clinics, transportation 
facilities, and all branches of the armed services. 


Price Complete with carrier pouch—$45. 


Made by ROBBINS INSTRUMENT CORPORATION «© Attleboro, Mass. 
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Because it is widely known 
throughout the world 
and has demonstrated its 
effectiveness in rapidly 
controlling the great majority 
of common infections, 
this broad-spectrum 
antibiotic is prescribed 
with certainty by 
physicians the world over. 


CO onita 
‘Llerra 


Supplied in the many convenient forms required in the 
practice of modern medicine: Capsules, Tablets (sugar 
coated), Pediatric Drops, Oral Suspension, Intravenous, 
Intramuscular, Ophthalmic (for solution) and 
Ophthalmic Ointment with Polymyxin B Sulfate. 


BRAND OF OXYTETRACYCLINE wide distribution 


prompt response 


excellent toleration 


PFIZER LABORATORIES, Brooklyn 6, N.Y. 


DIVISION, CHAS. PFIZER CO. INC. 
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especially to 
a wide range of uses, 


x in individual 
_ Sterile-sealed foil-envelopes. 


it’s sterile at the time of use. . 


By request... 


Developed to meet the professional 
demand for nasal packing, naso- 
plastic surgery, finger dressings, 
small area burns, pilonidal cysts, 
circumcisions, vaginal packing, 
podiatric applications...and many 
other surgical uses. 


‘Petrolatum 
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sebrough Mfg. Co., Cons'd. ade-mark of the const = 
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VENTILATION OF URANIUM MINES 


E. C. TSIVOGLOU, Ph.D. 
CINCINNATI 
AND 


H. E. AYER, B.S. 
SALT LAKE CITY 


PMOSPHERIC concentrations of radon and its daughters are usually greatly 
A in excess of accepted safe levels in uranium mines,* and the protection of the 
health of workers in this industry has become a major problem in recent years. It 
appears that ventilation of workers’ sections of uranium mines may be the most 
effective and practicable means of reducing these concentrations to acceptable levels, 
and this control measure is already in use in a few mines. However, before a specific 
control measure can logically become widely accepted and used, there must be avail- 
able a satisfactory means of estimating the extent of its beneficial effects. 

This paper presents theoretical expressions which predict the effects of ventila- 
tion of a restricted volume, such as a working section of a uranium mine, in terms of 
the reductions which can be expected in the atmospheric concentrations of radon 
and its daughters. This theory has been applied with satisfactory results in an inves- 
tigation of the effects of ventilation in a uranium mine in southern Utah, and it is 
hoped that the material presented will be of assistance in solving the problem of 
protection of the health of uranium miners. 


VENTILATION 

Consider the case of a radioactive gas which is produced at a steady rate and 
liberated into a restricted volume which is being ventilated by mechanical means. 
For practical purposes this is the situation in a drift of a uranium mine which is 
being ventilated, the gas in question being radon. We let )’ be the volume of the 
drift, and ?, denotes the rate at which radon is liberated into this volume from the 
ore body and surrounding area. Assuming that the mixture remains homogeneous, 
the rate of removal by ventilation of the i" member of the chain is proportional to 
the atmospheric concentration of that member, or to the number of atoms of that 
member present in the restricted volume. Hence, if g is the effective rate of ventila- 
tion in cubic feet per minute of fresh air introduced into 1’ and N,(t) is the number 
of atoms of the i" member present in /’, then the rate of removal of the 7" member 
by ventilation is just $% (t) atoms per unit time. (In practice the effective value 
of q may be determined on the basis of a few observed radon concentrations. ) 

Environmental Health Center, United States Public Health Service, Cincinnati. 

From the Division of Occupational Health, United States Public Health Service 

* References 1 to 3. 

+ References 1, 2, and 4. 


| 
363 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 
We let A; denote the radioactive decay constant of the it* member (Table 1), 


Tape 1.—Properties of the Elements 


Element per Min. 
Rn 5.508 108 1.258 10-4 
Ra A 3.05 0.2272 
Ra B 26.8 0.0259 
Ra C 19.7 0.0852 
Ra C’ 2.5 X 28 10° 


and the situation is described quantitatively by the system of differential equations 


aM y(t) 
in which the phenomena of radioactive chain decay and removal by ventilation have 
heen combined according to the relation ¢, = a, + 9 and in which all of the produc- 
tion rates are zero except for P,.t 
The solutions to the system (1) of differential equations have been put in terms 
of atmospheric concentrations by dividing through by V’. Denoting the atmospheric 


concentration of the i number by Q,(¢) and evaluating the constants involved, we 
find that 


P P 
1 -c,t 
Q(t) = + ar | e (2) 


for radon, 


V 


P 
+ 108 5.539 107 (@? - 
co Vv 
for Ra A, 


P P 
= 22222 4,691 x 107? - 


P 
= 1.129] @8 5,539 x 10 - 
co Vv 


P 
[ss + 1,129 - 5.518 x 10 
3 
for Ra B, and for Ra C 


t In solving the system (1), it is assumed that the rate of production of radon in a uranium 
mine drift is essentially constant with respect to time. Since the rate of production or emanation 
of a gas in a mine may vary appreciably as a function of the atmospheric pressure,® this assump- 
tion implies that we also consider atmospheric pressure to be unchanging during the period of 
observation. 
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5%), 


P 

+ 1,520 x 107? E 5.539 x 10 
c 
2 


P 

+ 2.775 E + 1,129 = 5,518 x 10°? - 
3 


P 
+ = 2.775 - 3.283 + 1.179 x 10 (9° - 


In these equations Q } denotes the initial concentration at time zero. 


The rate of production of radon, P;, can be determined by use of the limiting 
case of equation (2). We define Q, (inf) to be the concentration of the i" member 
of the chain after ventilation over a period of time sufficiently long to establish a 
concentration which does not change appreciably with continued ventilation at the 
same rate. Equation (2) for radon then indicates that 

Q, (int) (6) 

The decay constant for radon is 0.000126 per minute, and at useful rates of 
ventilation this factor is negligible as compared with g/l’. As a result, equation (6) 
hecomes simply 


(int) = 1 (7) 


for practical purposes and serves as the basis for determination of ?,;. At useful rates 
of ventilation the steady state condition is essentially reached after a short time. 
The rate of production or emanation of radon may then be calculated directly from 
equation (7) on the basis of the observed value for Q, (inf) and the known rate of 
ventilation, g. An example of this determination is given at a later point. 
Examination of equations (2) through (5) indicates that, in general, 
AL Ap Mer 


Q, (inf) = V (8) 


and a brief study of equation (8) demonstrates that the daughters of radon will 
not usually be found in atmospheric concentrations which reflect radioactive equi- 
librium with the parent gas. We let Q ("‘ denote the atmospheric concentration of 
the i'® member which represents radioactive equilibrium with radon and recall that 


(9) 


In the limiting case, considering radon as the parent member—hence that @,(tar) = @f"* 
equation (8) indicates that for Ra A 


Py 
inf 
Q,(inf) 


| 
| 
Al gint 
a = 
co 
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But from equation (9) we have that 


Hence 


2 _ Ad pint 
Recalling now that ¢2 =A, + q it follows that for g AO we have @,(inr) <a". In 
other terms, even a small amount of natural ventilation will cause the atmospheric 
concentration of Ra A to be slightly less than its possible equilibrium concentration. 


Mechanical ventilation at useful rates will clearly cause a wide departure from 
equilibrium. 


| 
\ 


z 
> 
> 
w 
r=) 


A, Nj l@) 


01 0.4 
+, AIR CHANGES PER MINUTE 


FIG. | EFFECTS OF VENTILATION 
ON 
RELATIVE ACTIVITIES 


(LIMITING CASE ) 


In similar fashion it is easily shown that with g 0 the atmospheric concentra- 
tion of any of the daughters will approach a limiting value which is less than its 
possible equilibrium concentration, considering either the next higher daughter or 
radon as the parent element. The higher the rate g in a given volume, the greater 
will be the departures from the equilibrium condition. It is, therefore, to be expected 
that mechanical ventilation of a uranium mine drift will result in nonequilibrium 
atmospheric concentrations of the daughters of radon. 

Figure 1 gives the relation between the rate of ventilation in number of air 
changes per minute and the activity of the 7® member relative to the activity of radon 
(which is just the degree of equilibrium of the i member considering radon as 
366 
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parent) once the steady state condition described by equation (8) has been reached. 
Appropriate modification of equation (8) leads to the following result : 


(10) 


and Figure 1 is simply a graph of this equation. The curves indicate the extent of 
the expected departure from equilibrium for each of the daughters, at the various 
rates of ventilation. It is also indicated that the curve for Ra C’ is identical with 
the curve for Ra C, and this occurs because 45 *°, for all practical purposes. 

We now wish to know over how long a period of time any given volume must 
be ventilated before the atmospheric concentrations will approach their limiting 
values as defined by equation (8). Figures 2 and 3 present this information in two 
different manners, and the basis for these figures is discussed in the following 
paragraphs. 

We define f to be that fraction of the maximum possible reduction which will 
be obtained after ventilation at rate q/I’ for a period of ty minutes. This is just the 
ratio of the actual to the maximum possible reduction, and therefore in symbolic 
form we have 


° 
t 
Qy = Alte) 


(11) 


Expressions for Q, (f;) may now be written down from equation (11) and sub- 
stituted into equations (2) through (5) in order to develop the set of equations 
which describes the relation between f and f;, for each member. In doing so, it has 
been assumed that the initial concentration of the i" member is a maximum, that 
is, that 


This assumption implies that the concentration of any member has built up to its 
maximum possible value in the complete absence of any natural or mechanical ven- 
tilation. It also implies that initially all the daughters are present in concentrations 
reflecting radioactive equilibrium with the parent gas. These initial concentrations, 
therefore, are quite conservative for our present purposes in that they represent the 
worst possible situation and are not likely to be attained in a practical case. 

Equations (2) through (5) can now be solved for the relation in each case 
between f and ¢;. In the expressions for the daughter elements it is found that the 
terms involving exponentials beyond .-*)ty are negligible as compared with the 
magnitude of the term involving — ,-e:tr. \s a result, the removal of all members of 
the series is governed by the single relation 


(1 f) (12) 


to good approximation, for practical rates of ventilation. The approximation involved 


has been found to be quite satisfactory for ventilation at rates up to one air change 
per minute, 
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Figure 2 is a graph of f vs. the total number of air changes, t, g/V, and indi- 
cates that the steady state condition is attained for practical purposes after five air 
changes have taken place. Thus, if the effective rate of ventilation is 0.10 air change 
per minute, the atmospheric concentrations of radon and its daughters will be 
reduced essentially to their limiting values after ventilation for a period of about 
50 minutes. 


Figure 3 presents this material in a somewhat different light; it is also based 
upon equation (12). It indicates, for example, that, to achieve 99.9% of the maxi- 
mum possible reduction, ventilation at the rate of g/l’ = 0.10 air change per minute 
must be continued for a period of about 70 minutes. To achieve 98.0% of the maxi- 


1.00 


' 2 3 4 


ty i. NUMBER OF AIR CHANGES 


FIG. 2 FRACTION OF MAXIMUM POSSIBLE REDUCTION 
vs. 


NUMBER OF AIR CHANGES 
(FOR ALL MEMBERS) 


mum possible reduction at this rate of ventilation, it is necessary to continue ventila- 
tion for only about 40 minutes. 


The practical implication of Figures 2 and 3 is clear—it is advisable to ventilate 
the working section of a uranium mine for a brief period of time before the workers 
enter the mine. At useful rates of ventilation this period of preliminary ventilation 


will amount to an hour or less.2, Continued ventilation at the same rate will then 
afford the miners the necessary protection during the working hours. 


In extensive mines, preliminary ventilation for a period long enough to clear 
the working area may not sufficiently reduce atmospheric concentrations in non- 
working sections, such as the main drift between the portal and the working section. 
If exposure in such nonworking sections is estimated to be of importance in any 
individual case, it may be desirable to lengthen the period of preliminary ventilation 
or to ventilate during this period at a rate higher than that to be used during the 
working day. 
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An adequate discussion of the requirements of good ventilation practice is beyond 
the scope of this paper and aside from its purpose. It must be noted, however, that 
the actual design and operation of ventilation facilities is a major factor with regard 
to maximum attainable benefits measured in terms of reductions of atmospheric 
concentrations of radon and its daughters. In essence, the most efficient means of 
delivering fresh air to the working area itself will result in the highest effective 
value for q at the working area and hence in the attainment of maximum benefits. 
Therefore, in the interests of economy and maximum protection of the miners, it 
will be necessary to give careful consideration to the most effective use of ventilation 
equipment. 


MINUTES 


0.10 


CHANGES PER MINUTE 


FiG. 3 


OBSERVED Us. CALCULATED RESULTS 


An investigation of the effects of ventilation upon atmospheric concentrations 


of radon and its daughters in a uranium mine in southern Utah has been made. 
The methods of sample collection and analysis, together with observed results, have 
been presented in detail in an earlier paper.' 


In brief, the drift studied was approximately 6 ft. wide, 6% ft. high, and 60 ft. long, its 
junction with the main drift occurring at a distance of 420 ft. from the portal. Ventilation of 
this drift was accomplished by the use of a large-capacity blower mounted on a truck. Fresh 
air was delivered to a point 25 ft. from the dead end of the drift through 500 ft. of flexible rubber- 
ized ventilation tubing, 1 ft. in diameter, and atmospheric samples were collected at a point 5 ft. 
from this working face. 

Daughter concentrations were determined by mathematical analysis of the alpha decay curves 
produced by filter-paper samples of the atmosphere.'| Radon concentrations were determined 
from standard volumetric samples of the atmosphere by a method developed by the New York 
Office of the Atomic Energy Commission. 
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Table 2 is a summary of the observed and calculated atmospheric concentrations 
for all members. The calculated results are those predicted by equations (2) through 
(5), and all concentrations have been converted to micromicrocuries per liter. No 
calculated concentrations are reported for Samples 3, 6, and 9, because the first 
two represent natural conditions only and the rate of ventilation for Sample 9 was 
too low to permit a sound estimate of the actual ventilation situation. 

Collection and counting of radon samples is essentially 100% efficient, but the 
observed daughter concentrations are low, owing to the inefficiency of collection of 
filter-paper samples and owing to counting losses resulting from penetration of 
particles into the filter-paper medium and from self-absorption. It has been shown ! 
that approximately 58% of the daughter atoms present in the mine atmosphere 
either were not collected or were not counted, and the observed daughter concentra- 
tions reported in Table 2 have all been corrected by this factor. 


Samples 4 and 11 provide the data necessary for calculations of P,, the rate of 
radon production. Equation (7) is applicable, and converting the observed radon 


Atmospherie Concentrations, guc/L. 
A. 


Radon Ra A Ra B Ra © 
No. q, C.fan. Obs. Cale. Obs. Cale. Obs. Cale. Obs. Cale. 
1,570 1,610 10 1,560 1,380 1,390 1,150 1,340 
300 235 2) 195 200 145 120 135 100 
400 140 120 67 65 4 48 7 
800 Os 12 | 4 2 2 0.3 
800 12 21 3 1 4 O1 


* Sample 5 was collected only 20 minutes after ventilation at a rate of 800 ¢.f.m. (Sample 4). 


concentration to atoms per cubic foot, Sample 4 indicates a rate P; of 2.3 % 10'° 
atoms per minute. Similarly, the data of Sample 11 yield a rate of 2.0 « 10" 
atoms per minute. The rate of radon production was, therefore, taken to be 
2.2 « 10" atoms per minute, and this value was used in all calculations. 

The agreement between observed and calculated atmospheric concentrations is, 
in general, quite good in view of the probable degree of precision of the several 
measurements involved. [Experimental inaccuracy becomes a more important factor 
at the very low concentrations reported in Table 2 and apparently leads to larger 
relative differences between observed and calculated concentrations in the cases of 
Ra B and Ra C. This effect is of little importance, however, with regard to the prob- 
lems of estimating health hazards and protecting the health of uranium miners. 

Ventilation is clearly a very effective means of reducing atmospheric concentra- 
tions of radon and its daughters to acceptable levels. As shown by the observed 
results in Table 2, ventilation at the highest rate in the drift studied resulted in 
reduction of the atmospheric concentration of radon by a factor of 200. At this 
ventilation rate the concentration of Ra A was reduced by a factor of 1,000, and 
the concentrations of Ra B and Ra C were reduced by a factor of about 2,500. Higher 
rates of ventilation and more efficient delivery of the fresh air to the desired location 
would produce greater reductions for all members. 
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VENTILATION OF URANIUM MINES 


SUMMARY AND CONCLUSIONS 


Theoretical expressions have been presented which predict the reductions in 
atmospheric concentrations of radon and each of its daughters to be expected as the 
result of ventilation of a restricted volume. This theory has been applied in an 
investigation of the effects of ventilation of a working section of a uranium mine, 
and the agreement between observed and predicted results was satisfactory. 

It has been shown on the basis of the theory that full radioactive equilibrium of 
the daughters with the parent gas is an idealization which can only be approached 
in a practical situation. Even a small amount of natural ventilation will cause slight 
departures from equilibrium of the daughters with the parent gas, and artificial 
ventilation at rates such as are used in practice will cause wide departures from this 
state of equilibrium. In general, the higher the rate of ventilation, the greater will 
be the departures from equilibrium of the daughters with the parent gas, although 
careful attention to good ventilation practice is necessary if the maximum possible 
benefits are to be attained. In order to afford the desired protection to miners dur- 
ing their entire working day, it will be advisable to ventilate the working section of 
a uranium mine for a period of one-half hour to one hour before the workers enter 
the mine. 


Since ventilation causes wide departures from the equilibrium situation, the 
hazard associated with working in a well-ventilated mine will be considerably less 
than that estimated on the sole basis of observed radon concentrations.$ It would 


therefore seem appropriate to consider basing the standard for the protection of the 
health of uranium miners directly upon atmospheric concentrations of the daughter 
elements rather than upon radon. 


Helpful suggestions with regard to presentation of the foregoing material were made by 
M. B. Ettinger and Dr. R. L. Woodward, of the Public Health Service. 


§ References 1 and 6. 
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ATMOSPHERIC MONITORING FOR ALPHA EMITTERS USING 
MOLECULAR FILTER MEMBRANES 


THOMAS T. MERCER, B.A. 
SEATTLE 


XPERIMENTS being carried out on the toxicity of radioactive materials when 
inhaled by animals involve the use of aerosols consisting of various carrier 
dusts contaminated with long-lived aipha emitters. Inhalation of such dusts by 
laboratory personnel could constitute a serious hazard to health. As part of a health 
physics program aimed at avoiding this hazard, the laboratory air must be moni- 
tored routinely for long-lived alpha emitters. An accurate determination of the 
concentration of these alpha emitters requires a sampling method that is highly effi- 
cient, in terms of both collection and analysis, and a knowledge of the atmospheric 
content of naturally occurring alpha emitters. 

A simple and efficient collection method consists merely of drawing the atmos- 
phere through a suitable filter paper. This method has been used at Chalk River ' 
with a CWS (Chemical Warfare Service) filter paper, at Brookhaven National 
Laboratory * with a Hollingsworth and Vose filter paper, at the Argonne National 
Laboratory * with a special Navy filter paper, and at Rochester with Whatman 
No, 41 filter paper.* In these cases, filtration takes place throughout the depth of 
the paper ; alpha particles emitted below the surface may not be able to emerge with 
sufficient energy to be counted, with the result that the alpha activity in the paper 
is underestimated. Tests made at Rochester ¢— and by the New York Operations 
Office, United States Atomic Energy Commission,’ show that, on the average, the 
fraction of alpha activity in the Whatman No. 41 that can be counted is 0.70, with 
a standard deviation of approximately 0.20. Carmichael and Tunnicliffe ' found 
that the fraction of atmospheric activity derived from a count of the CWS paper 
was 0.14. The efficiency of their counter was 0.49. Assuming that the filter paper 
has a collection efficiency of 100%, the counting yield of 0.14 indicates that at least 
70% of the alphas were absorbed by this paper. The authors gave no estimate 
for the variability in the counting yield value, but it is doubtful that it is any less 
than that of the Whatman No. 41, which is a harder and thinner paper and which, 
on the average, absorbs much less of the alpha activity than does the CWS paper. 

When air sampling was instituted in the Rochester laboratory in 1952, it was 
helieved that losses of alpha activity due to absorption in the filter paper would be 
minimized by the use of the so-called molecular filter membranes, in which the dust 


This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project. In January, 1954, 
a report on this subject appeared as Unclassified Report UR-294. 

* Unpublished data. 


+ Unpublished data. 
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is retained close to the surface. These Millipore { filter papers are described by the 
manufacturer as being a submicroscopic honeycomb section in which 75 to 80% of 
the filter volume is pore space. Two types are made: the Hydrosol Assay (HA), 
with pore sizes of 0.1 to 0.34, and the Aerosol Assay (AA), with pore sizes of 0.5 
to 0.7n. When the HA is used for air sampling, the filtration is essentially a surface 


phenomenon ; in the case of the AA papers, particles are retained within the first 
50u.° The paper has the additional advantage that it becomes transparent under 
immersion oil, permitting microscopic study of the sample. 


TESTS OF MILLIPORE FILTERS 

Experimental Procedure —Using AA filter papers of 1 in. diameter, samples were drawn 
from an atmosphere containing some 40 mg. of UO. § per cubic meter. The filter paper was 
then placed in a scintillation-type alpha counter, and the alpha activity was measured in terms 
of length of time required to register 6,400 counts. This activity was converted into weight of 
uranium by comparison with the activity of a standard source, a foil on which was deposited 
1 mg. of uranium. The paper was then dissolved in nitric acid and the uranium content 
determined chemically with the use of the fluorophotometric method.“ The ratio of the weight 


TaBL_e 1.—Average Ratios (Activity/Chemical) for Different Sample W eights 


Approximate Average Ratio, 
Weight of Activity/ 
Uranium, Mg. Chemical 


0.98 
0.4 
0.500 0.95 
0.4 


of uranium calculated from the radioactivity measurements to the weight of uranium determined 
by chemical analysis was then calculated. 

It seemed desirable to determine whether alpha absorption by the dust itself was important 
in the range of dust weights studied and also to determine if an increased velocity of flow 
through the filter increased the absorption of alphas by the paper owing to greater penetration. 
To this end, 34 samples were taken, one-half of them at a flow rate of 7 liters per minute and 
the remainder at 14 liters per minute. At each flow rate, the sampling time was varied so as to 
give deposits of approximately 0.125 mg., 0.250 mg., 0.500 mg., and 1.000 mg. 

Results —The ratios of weight by activity measurement to weight by chemical 
analysis were computed and compared in terms of sample weight and flow rate. 
The average ratios for the different weight groups are summarized in Table 1. 

When grouped according to flow rate, the ratios were 0.97, with a standard 
deviation of 0.06 at 7 liters per minute, and 0.91, with a standard deviation of 0.05 
at 14 liters per minute. 

Comment on Tests of Millipore Filters—The fluorophotometric method itself 
has been calibrated against standard uranium solutions. It yields values 1.01 0.04 
times the known value." The standard deviation for the measurements of activity 
is 0.013 in this case. These facts indicate that the variation due to absorption by 
the filter paper is gratifyingly low. 


t Trade name of the Lovell Chemical Company, Watertown, Mass. 
§ Uranium used was the natural isotope mixture. 
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Apparently the weights studied were not sufficiently large for self-absorption 
to become noticeable. The thickness of the uranium deposit on the standard source 
was equivalent in milligrams per square centimeter to that of a deposit of 0.53 mg. 
of UOz on a filter paper. The self-absorption in the standard therefore tended to 
compensate for self-absorption in the UO, deposits. 

On the basis of a statistical test at the 95% confidence level, the hypothesis that 
the mean ratios at 7 liters per minute and at 14 liters per minute were estimates of 
the same true mean was rejected. There is probably a slight increase in absorption 
losses owing to greater penetration at the higher flow rate. 

The efficiency of the molecular filter as a sampling medium was not measured 
in these tests. However, tests recently carried out by Lauterbach, Mercer, Hayes, 
and Morrow,’ using a radioactive sodium chloride aerosol with a mass median 
diameter of 0.2 » and a geometric standard deviation of 2.0, showed that the AA 
paper has a collection efficiency for this aerosol of greater than 99.99%. 

To justify generalization from these data, it should be pointed out that the alphas 
from uranium are among the least energetic of any of the alpha particles. In this 
regard, a comparison was made between uranium and polonium in terms of the 
absorption of alpha particles by the entire thickness of the filter paper. A source 
of each emitter was counted normaliy and with an AA filter covering it. Approxi- 
mately 2.5% of the alphas from uranium and 12% of the alphas from polonium were 
counted through the full thickness of the filter paper. 

The filtration area in the filter paper used in these tests was 4.94 sq. em., so that 
at a flow rate of 7 liters per minute the linear velocity of the air was approximately 
1,400 cm. (47 ft.) per minute. The filtration area in the sampling devices used for 
monitoring purposes is approximately 15 sq. cm., so that for flow rates up to approx- 
imately 20 liters per minute loss of alphas due to absorption by the paper would be 
negligible under our experimental conditions. 


EFFECT OF ATMOSPHERIC RADON AND THORON|! 


However adequate the sampling and analytical methods may be, the problem of 
monitoring for long-lived alpha emitters is still complicated by the normal presence 
in the atmosphere of radon and its daughter products and the daughter products 
of thoron, usually in activity concentrations considerably in excess of the maximum 
permissible concentration of the long-lived alpha emitters. A further complication 
arises from the fact that the concentrations of the daughter products of both radon 
and thoron may vary from day to day, as may the ratio of their concentrations." 

The manner in which these factors affect the air-monitoring problem can be 
demonstrated by calculating the accumulation and decay curves for the daughter 
products of radon and thoron. Since sampling methods enploying filter paper pre- 
sumably collect only that radioactivity which is in the form of particulate matter, 
or which is attached to particulate matter, radon and thoron need not be considered 
in these calculations. Furthermore, thorium A can be ignored because of its very 


|| After preparation of this manuscript, the analysis of radon-daughter decay curves by 
Tsivoglou, Ayer, and Holaday appeared in Nucleonics 11:40-45 (Sept.) 1953. There is no 
essential difference in the concepts involved or results obtained. It might be pointed out, 
however, that the work described here includes the role of thoron and its daughters and samples 
over much longer periods. 
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short half-life (0.16 seconds). The decay series of interests in this case are 
Ran S nec pad 
th B 10.6 h mp 
If a decay series of radioactive isotopes is present in an atmosphere which is 
being sampled at the rate of f liters per minute, the activity on the filter paper of 
the j"" isotope at a time @ minutes after a sampling period of t minutes is # 


J 

-A,@ 

i=l 


where 


di= disintegration constant of the ith isotope 
C) = activity of the .1th isotope per liter of air 


(assumed to be constant throughout the sampling 
period) 


J) 

i=l 


The alpha activity on the filter paper due to radon daughters will be the sum 
of A; and Ay. Assuming the daughter products are in equilibrium, i. e¢., 
= C2 = Cs, this sum is 


Ap = Cef [u.sora - + 164.96(1 - 0258t) .-.02580 
= 95.67(1 07 4.0356] 


where the subscript R is used to indicate that the values apply to the daughter prod- 
ucts of radon. 


In the case of the decay products of thoron, the alpha activity on the filter paper 
is merely Ae 


By setting 6 =O and varying ¢, curves for the build-up of activity on the filter 
paper due to each decay scheme can be calculated. These are shown in Figure 1 as 


a activity at time ¢ 


plots of After approximately four hours, the daughter 
products of radon on the filter are in equilibrium, and thereafter the fraction of the 
total activity that is due to thoron daughters increases. 


{ Since only the alphas are of interest, the branching that occurs between Ra C and Ra D 
and between Th C and Th D has been ignored. 

# Mercer, T. T.: Atmospheric Monitoring for Alpha Emitters Using Molecular Filter 
Membrane: Report UR-294, University of Rochester Atomic Energy Project, U. S. Atomic 
Energy Commission, 1954. 

*Curves similar to those of Figure 1 have been published by the National Bureau of 
Standards * and by Harley.” 
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Rn DECAY PRODUCTS 
Aleo)* 73.79 Crf 


( Tn DECAY PRODUCTS, 
1002.90 Crt 


f* SAMPLING RATE W LITERS / MIN. 
Alt)= ACTIVITY AT TIME 
Al@)* ACTIVITY AT t=@ 

C ACTIVITY CONCENTRATION OF 


Fig. 1—Build-up of alpha activity on filter paper. 
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Fig. 2—Decay curves for mixtures of alpha emitters. 
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After sampling ceases, the alpha activity due to the daughter products of radon 
decays with an effective half-life of approximately 38 minutes, while activity due 
to the daughter products of thoron decays with a half-life of 10.6 hours. The decay 
curve of a saniple containing the daughter products of both radon and thoron will 
depend on the ratio of the concentration of Ra A activity on dust to the concentration 
of the Th B activity on dust and on the length of the sampling period. In Figure 2 
the decay curves for Cp, = 1.3 & 10°* curie per liter and Cy = 5.2 « 10°* curie 
per liter ¢ are shown as plots of 4 (6)/A(@—0) vs. 6. A(@ =O) is the activity at 
the end of a sampling period of time, f, and A (6) is the activity 4 minutes after 
sampling has ceased. 

Whether or not the presence of long-lived alpha emitters can be detected and 
the length of time such detection will require depend chiefly on their concentration 
as compared with that of Th B. The maximum permissible concentration of pluto- 
nium as set by the National Committee on Radiation Protection (N. C. R. P.) ' 
is 2 10° curie per liter. The decay curves for various sampling times when the 
atmosphere contains this concentration of plutonium in addition to the concentra- 
tions of Ra A and Th B indicated above have been plotted also in Figure 2 (dotted 
lines). The difficulty in attempting to estimate the C), in the first three or four hours 


Taste 2.—Background Concentrations of Thoron and Radon Decay Products in Laboratory Air 


Range Mean 
4.0K 33 10“ 1.3 10-38 ¢./L. 
2.4 X 10-15 — 8.7 ¢./L. 5.2 


61 % 


is obvious. Furthermore, the Th B background is sufficiently variable so that the 
curve through the first six or eight hours might merely be due to a higher-than- 
average Th B concentration. 


BACKGROUND IN THE LABORATORY 


Sampling Procedure -—A routine sampling practice has been adopted in our laboratory, the 
procedure being to make a five-minute count starting two and one-half minutes after sampling 
is stopped, so that the midpoint of the counting period corresponds to @ = 5 minutes. This 
value is then extrapolated back to @ = 0 by dividing it by 0.95. A 30-minute count is made at 
approximately 6 = 16 hours, and this value is extrapolated back on the basis of a 10.6-hour 
half-life to 6 = 0. The activities of the radon daughters and the thoron daughters can then be 
determined for 6 = 0. 

The relative probable error for the first count is from 1.5 to 4%. For the second count it is 
from about 4 to 6.5%. In some cases, before the counting was put on a routine basis, the second 
count was made for five minutes, and the relative probable error on such a count might be as 
high as 17%. In most of these cases, however, there were two additional five-minute counts 
on which to base the extrapolation. 

The air-filtering arrangement that has been used is shown in Figure 3. The critical orifice 
limits the flow rate to approximately 13 liters per minute. 


Results —Between Oct. 9, 1952, and May 28, 1953, 93 eight-hour samples were 
taken in the general laboratory work area. The results of these 93 samples are sum- 
marized in Table 2. 


+ These are average values for the air in our laboratory. The air is drawn into the laboratory 
through glass-wool filters, and some activity is undoubtedly lost in the process. 
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Fig. 3.—Diagram of filtering arrangement. 
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Fig. 4.—Average activities by weeks of radon and thoron decay products. 


filter 
poper 
critical 

(44-mesh) V orice vocuun 
| 
3.0 
2.5 
20 
hee 
5 
10 
8 
6 
5 
4 
2 
ae YEAR 1952 1953 
378 


ATMOSPHERIC MONITORING FOR ALPHA’ EMITTERS 


The weekly averages for Cy and Cy have been arranged in a histogram in Figure 
4. The gradual decline in background activity may have more than one explanation. 
No attempt has been made, for instance, to correlate the activity with weather con- 
ditions. However, another possible—and hopeful—explanation is that the decline 
is due to a general decrease in dust load. Since October, 1952, construction work 


in the laboratory has decreased ; there has been a decrease in traffic of nonlaboratory 
personnel; and a janitorial program has been established that has been remarkably 
successful in keeping the laboratory dust free. In addition, personnel now wear 
rubber overshoes upon entering the laboratory and remove them on leaving, thus 
reducing the amount of dirt that is tracked in. If this is the correct explanation and 
the natural background concentrations level off at lower-than-average values, it will 
facilitate the determination of any atmospheric contamination by long-lived alpha 
emitters. 


Comment on Data on Natural Background.—The values for natural radioactivity 
found in our laboratory and the Cy :Cy values are comparable with those reported 
elsewhere.t These values, however, do not represent the concentrations of radon 
and thoron in the air but rather the concentrations of their decay products which 
remain on the filter. The fraction of the total Ra A, for instance, that is picked up 
by dust is not known in this case. It is apparently related to the dust load. 

The importance of excluding as much of the dust as possible from the incoming 
air is apparent. Dust-borne activity removed from a volume of air passing into 
the laboratory can be replaced only partially in the length of time that the volume 
is in the laboratory area. In the case of Th B, in fact, it is doubtful whether any 
of the activity removed by the filter is replaced. Its rate of build-up is slow com- 
pared with the rate of turnover of the laboratory air, and it is questionable whether 
there is thoron available to replace it. 


SUMMARY 


The absorption of alpha particles by molecular filter membranes used to sample 
an atmosphere of COs was found to be negligible for purposes of air monitoring. 
The ratio of weight of UO, as determined by counting the alpha activity on the 
filter to weight of UOz as determined chemically was 0.97 + 0.06 at a linear sam- 
pling velocity of 45 ft. per minute and 0.91 + 0.05 at a velocity of 90 ft. per minute. 
Background values of natural air-borne alpha activity were determined over a 
period of nine months in a laboratory designed for experiments involving alpha 
emitters. Average values for Ra A and Th B were found to be 1.3 « 10° curie 
r per liter and 5.2 & 10°* curie per liter, respectively. 


Mr. Stanley Dzuiba carried out the fluorophotometric analyses, Mr. Gerald Miller and 
Mr. Harley Campbell handled much of the laboratory air sampling, and Drs. Paul E. Morrow 
and J. N. Stannard offered advice and suggestions in regard to the sampling program and 
preparation of the manuscript. 


t References 11 and 3. 
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PORTABLE ELECTROSTATIC DUST SAMPLER 
WITH ELECTRONIC AIR FLOW 


D. G. BEADLE 
P. H. KITTO 
AND 


P. J. BLIGNAUT 
JOHANNESBURG, TRANSVAAL, UNION OF SOUTH AFRICA 


HE COLLECTION of sufficient air-borne dust of respirable size in a reason- 

able time in Witwatersrand gold mines for chemical or x-ray analysis is a 
problem to which there has previously not been a completely satisfactory answer. 
This is because the mass concentration of dust nowadays is so low, generally less 
than 0.5 mg. per cubic meter. 

Filtration methods using a bed or pad of a chemical (sugar, salicylic acid, and 
naphthalene are some that have been used), filter paper, cotton wool, or other 
material to collect the dust have the disadvantage that their resistance increases as 
the dust collects. As a result the rate of air flow through the filter decreases during 
the sampling period, or the source of power forcing the air through the filter must 
be adjusted continually. Such devices require some external source of power to 
pass the air through the filter—electric mains, compressed air, or human effort. 
These sources may not always be available in the working place it is desired to sam- 
ple. Removing the collected dust sometimes involves dissolving the collecting 
material, subliming it, or burning it off, and such processes may affect the chemical 
properties of the dust. 

The M.S. A.* electrostatic precipitator has been used extensively in Witwaters- 
rand gold mines to collect dust for chemical or x-ray analysis, and experience has 
confirmed that this method of collection is eminently suitable for the purpose. The 
advantages are that the resistance to the air flow does not alter significantly as the 
dust is collected and that the collected dust can easily be removed for analysis with- 
out any risk of altering its chemical properties. However, the M.S. A. precipitator 
has a very low volume flow (about 3 c.f.m.) and must be connected to an external 
power supply (110 volts A. C.). 

Various types of portable electrostatic precipitators for mass sampling have been 
described in the literature from time to time.t However, these have all had the same 
disadvantage of too small a volume flow for the collection of samples for analysis 
from air of low dust content as found in Witwatersrand gold mines. 

The detailed study which has been made at these Laboratories of the performance 
of electrostatic precipitators for dust suppression purposes indicated that a miniature 
form of a parallel-plate precipitator, with preionization of the dust, might satisfy 
the need for a high-volume sampler to meet the requirements. 


From the Transvaal and Orange Free State Chamber of Mines Research Laboratories. 
* Mine Safety Appliance Co., Pittsburgh. 
+ References 1 to 5. 
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REQUIREMENTS 
The instrument described below was designed to fulfill the foliowing require- 
ments: 
(a) It should be easily portable and robust. 
(b) It should be independent, when necessary, of external power supplies, such as compressed 
air or electric mains. 
(c) When operating off batteries, to satisfy (b) above, it should have sufficiently low current 
drain to be able to work for say eight hours off a small number of batteries. 
(d) It should be able to sample 100 c.f.m. or more at a reasonably high efficiency. 
(e) It should be easy to operate. 
(f) It should permit the dust to be easily removed from the collecting surfaces. 
(g) It should be safe to use. 
DESCRIPTION 
It was decided to build the unit in two parts in order to make it readily portable 
in underground workings. These parts are (a) the dust-collecting cell and (b) the 
high-voltage power supply and battery. Each part can be carried separately, and 
the two parts are connected together for use by suitable cables. 


BRASS RODS COLLECTING PLATES 


L 


AiR FLOW 


L G) 
PROTECTIVE SCREENS 


Fig. 1.—Sketch showing construction of precipitating cell. 


Dust-Collecting Cell—The cell operates on the common two-stage principle, as 
follows : 


(a) The dust-laden air is first passed through an electrical corona discharge which has the 

property of ionizing the air molecules passing through this discharge. The dust particles 
attach themselves to the ionized air molecules and, in turn, they then carry an electro- 
static charge. The air may be ionized either positively or negatively, giving the respective 
positive or negative electrostatic charges to the dust particles. The choice of polarity 
of ionization is dependent on the amount of ozone generated by the electrical discharge 
that can be tolerated. Negative ionization produces about 10 times the quantity of 
ozone as positive ionization, On the other hand, negative ionization takes place at a 
lower applied voltage than positive ionization. Positive ionization was chosen for this 
unit to minimize the ozone generated in the confined spaces in the mines. 
The ionized air, laden with charged dust particles, is then passed through a set of 
parallel collecting plates. These plates have a large electrical field between them, and 
the positively charged particles will then be attracted to the negative plates of the 
collecting unit and be deposited on them. A small amount of negative ionization also 
takes place in the ionizing section, and so a small proportion of the air-borne dust will 
be collected on the positive plates. 
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Figure 1 is a sketch showing the lay-out of the ¢ssential components of the col- 
lecting cell. The ionizing section consists of five '4 in. diameter brass rods between 
which are placed five 0.006 in. diameter tungsten wires. The spacing from the rods 
to the wires is 0.7 in., and a potential of 12,000 volts is applied between them, with 
the polarity of the wires positive, giving the required electrical discharge or corona 
current to ionize the air passing through. 

The collecting section consists of a number of aluminum plates alternately at 
zero potential and 6,000 volts positive. The spacing between the plates is %, in., 
the length of the plates in the direction of flow is 3 in., and the height of the plates 
is 5¥2 in. Practical tests have shown that by weight the amount of dust that was 
collected on the plates at a distance greater than 3 in. in the direction of air flow was 
negligible, and they were therefore reduced to this length in order to save space and 
weight. With this close plate spacing and large potential difference, an electrical 
field intensity of 7,500 volts per centimeter is obtained between the plates to deposit 
the charged dust particles. The plates are so fitted that they can be removed from 
the collecting cell for the removal of the dust from their surfaces. This is best done 
by standing the plates on a sheet of glazed paper and gently scraping the dust off 
with a flat stick, 9 by “% by '4 in., faced on both sides for the last 2 in. with thin 
sheets of hard rubber. It is the edge of this rubber which is actually used to scrape 
off the dust. 

The collecting cell weighs 12 Ib., and its over-all dimensions are 8 by 8 by 8% in. 

Air Flow.—Most dust-sampling devices have to be fitted with some means of 
drawing or forcing the air through them. Electrostatic precipitators, however, have 
practically no resistance to air flow, and hence the normal air currents found in a 
mine are often sufficient to pass the dust through a collecting cell of the type 
described above. 

In addition, the ionizing discharge has the property of creating an “electric wind,” 
the velocity and direction of which are determined by the currents used and the 
geometry of the ionizing system. [Experiments were made in which these conditions 
were varied, and the final design has the line of centers of the ionizing wires about 
0.4 in. in front of the line of centers of the earthed rods (Figs. 1 and 3). The 
ionizing current from the wires to the rods then creates a draft in the same direction 
which passes on through the plates. With the use of a 400 micro-ampere (pa) 
ionizing current, an “electric wind” of 40 c¢.f.m., or a linear velocity between the 
sampling plates of nearly 200 f.p.m., is produced. 

Thus, even in stagnant air conditions in a mine the sampler will cause a satis- 
factory flow of air to pass through its plates without any extra power consumption 
or the use of fans, ejectors, aspirators, ete. 

High-Voltage Power Supply.—The power supply must: 

(1) Produce 12,000 volts D. C. for the ionizing section. The current drain is 400 to 500 ga, 


but in the design, to allow a factor of safety, provision is made to allow a current drain up to 
1,000 wa. 


(2) Produce 6,000 volts D. C. for the collecting plates. The current drain is about 10 aa. 
(3) Work from a portable battery supply or main. 

(4) Be reasonably light, robust, and reliable. 

(5) Have a high over-all efficiency to minimize current drain from the battery. 
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In designing and constructing a power pack of the above type, there are two 
techniques that could be used: (a) a power supply using a simple step-up trans- 
former and rectifier and (>) an electronic power pack using a high-frequency oscil- 
lator, tuned air-cored transformer, and rectifier. 

Because of the compactness of the equipment and the high voltages to be used, 
problems of electrical insulation became apparent. As the insulation problems in a 
simple step-up transformer of the iron-cored type are severer than in the air-cored 
transformer, it was decided to build an electronic power supply with a high-frequency 
oscillator and tuned air-cored transformer. Theory indicated that a fairly high elec- 
trical efficiency could be expected for this type of power supply, equal to that of the 
iron-cored transformer, if not higher. But, after the unit had been built, the elec- 
trical efficiency was found to be very low, owing mainly to the small dimensions of 
the air-cored transformer. Because of this low efficiency the battery drain was 
excessive, and it would not be suitable for use underground, as it would necessitate 
the use of too many batteries. 

A low-frequency iron-cored transformer unit was then designed and constructed. 
The efficiency of the new unit was found to be more than twice that of the electronic 
unit and its battery drain within the limits acceptable for use underground. The 
insulation problems were overcome by careful construction and the use of high- 
resistivity plastic materials, waxes, and varnishes. The power supply is shown in 
block diagram form in Figure 2. 


step-up voltage 12000 volts 


doubler 6000 volts 


vibrotor 
@ volts 


converting 
bottery 0.c. te AC. output rectifier 


Fig. 2.—Diagram showing electrical stages in high-voltage power supply. 


The 6 volt supply from the battery is converted to alternating current by a 
vibrator. This supply is transformed to 6,000 volts A. C. by an iron-cored trans- 
former. The output of the transformer is then rectified, and the voltage doubled by 
selenium rectifiers and condensers. Twelve thousand volts D. C. and 6,000 volts 
I). C, are then available at the output for the collecting cell. 

The whole power supply, including batteries, is housed in an aluminum box, 
64 by 7% by 141%, in. high. This box is divided into two compartments; the 
upper compartment contains the high-voltage transformer and associated com- 
ponents and the lower compartment contains the batteries. The battery compart- 
ment takes six 15 amp.-hr. Varley cells, and they are connected in series parallel to 
supply 6 volts to the vibrator. For short operating periods up to about six hours, 
three cells are sufficient. 

The front panel contains a ground terminal and two special high-voltage plugs 
to which the cell connections are made. Three neon indicator lamps are also mounted 
on the front panel. One of the lamps indicates when the unit is operating, and the 
other two indicate short circuits on the ionizing and collecting sections of the cell. 
The unit is provided with an on—off switch. The total weight of the power unit 
with six batteries is 30 Ib. 

An earlier power unit was provided with a 220 volt and 110 volt 25 cycle and 
50 cycle mains input, and this can be incorporated in a unit of the type described 
above, with very little alteration to dimensions or weight. 
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CHARACTERISTICS 


Electrical Characteristics of the Collecting Cell.—Electrical tests were performed 
on the cell to determine the ionizing currents for different wire diameters and applied 
voltages. A third variable was also introduced, viz., the position of the ionizing 
wires to produce the electronic wind through the cell. 


In choosing an operating condition for the cell, it is first of all essential to choose 
a sufficiently large ionizing current to be sure that maximum ionization of the air 
is obtained and yet to bear in mind that this current must not be unnecessarily large, 
as the battery drain increases with ionizing current. In conjunction with this it is 
necessary to choose a suitable size of ionizing wire. For a small gauge of wire the 
power consumed for a given ionizing current is less than for a large gauge of wire. 
On the other hand, if the gauge of wire is too small, breakages occur more frequently. 


aim FLOW IN CREM 


O25 os 


DISTANCE IN INCHES GETWEEN BRASS ROD 
HONIZTING WIRE CENTRE LINES 


OIAMETER OF wines « O006" 
20 CURRENT « 400 wa 


Fig. 3.—Curve showing relation between air flow through cell and position of ionizing wires. 


It was decided, therefore, that the most suitable size of wire to use would be 
0,006 in. in diameter, and for this guage an ionizing current of 400 pa is ample. By 
giving the ionizing wire a lead of 0.4 in. in the cell, the air velocity through the cell 
at 400 pa is 40 c.f.m. and the applied voltage is 12 kv. For larger air velocities larger 
currents are drawn from the batteries. 


Summary of Operating Conditions for Cell 


(1) Applied voltage 

(2) lonizing current 400 to 500 wa 
(3) Collecting plate potential difference 6,000 volts 
(4) Air flow 40 ¢.f.m 

(5) Diameter of ionizing wires 0.006 in. 


Figure 3 shows the relationship between air velocity and ionizing wire spacing. 


Electrical Characteristics of the Power Pack.—-An output of 400 to 500 ya is 
required from the power pack. At 6 volts input the output voltage for 
400 pa is 12.0 kv. The maximum efficiency of the power unit is 55%. 


a load of 
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The most important factor to consider here is the battery drain which, for the 
required load, is 2.0 amp. This gives a battery life of from 12 to 15 hours. 


Summary of Characteristics of Power Pack 


(1) Output voltage 

(2) Output current—working 
—maximum 

(3) Battery current—working 
—maximum 

(4) Efficiency at 1,000 ua 

(5) Battery life 


Safety of Unit—In high-voltage apparatus of this type certain safety precautions 


are necessary to prevent injury to the operator. The transformer in the unit could 
“asily supply sufficient current for the power pack to be lethal. Since this value of 
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Fig. 4.—Air flow through collecting cell in cubic feet per minute. 


current is very much greater than the normal operating current for the instrument, 
a current-limiting resistor is put into the circuit so that the current can never rise 
above 4 ma. That the unit is safe has been proved by one of us deliberately touching 
the high-tension supply; only a slight shock was received. 

Dust-Collecting E ficiency —This was measured underground in a Witwaters- 
rand gold mine. 

The collecting cell was mounted between two boxes which contained thermal 
precipitators. Dust-laden air was passed through the cell at varying velocities, and 
samples were taken of the dust in the air entering and leaving the collecting cell. Care 
was taken to ensure that the air flow across the section of the cell was reasonably 
uniform, From the dust samples the efficiency of collection of the cell (based on 
number count) was calculated. In addition to depending on the rate of air flow, the 
efficiency of collection depends on several other factors. If these could be controlled 
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(e. g., the input voltage to the power pack), this was done, but if they could not 
accurately be controlled (e. g., the concentration and size distribution of the dust 
in the intake air), the results were analyzed statistically and then corrected for such 
variation. 

The collecting efficiencies at various rates of air flow are plotted in Figure 4, and 
the calculated least mean square line through the results is shown. If the efficiencies 
were measured on a mass basis (which presumably is the significant factor for the 
proposed use), they would be appreciably higher at each velocity, since electrostatic 
precipitators are invariably more efficient for coarse dust than for fine (example 
shown in Fig. 5). An approximate estimate of the mass efficiency is 90 to 95% at 
an air flow of 100 c.f.m. 
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Fig. 5.—Variation of efficiency with particle size. 


EXPERIENCE WITH APPARATUS 

Preliminary experiments with the collecting cell (Fig. 6) and the power pack 
(Fig. 7) were carried out in the laboratory, and particular attention was paid to 
operating the units in a completely saturated atmosphere in a dust chamber. 

When the instrument was found to perform well under these conditions, further 
extensive tests were carried out underground, after which it was put into general 
use for collecting dust samples for analysis. For this purpose it has been used in 
widely ranging atmospheric conditions, both underground and on the surface, and 
in general the performance has been very satisfactory. 


Difficulty was experienced in a few places underground when taking the instru- 
ment from a cold place to a hot and humid one, causing moisture to condense on the 
insulators. These had to be dried before sampling could commence, and condensa- 
tion of moisture in this manner should be avoided as far as possible. 

The apparatus is easily portable, one operator being able to carry both com- 


ponents without difficulty, and the general construction appears to be sufficiently 
robust to withstand normal use underground. 
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The normal method of operation underground is to make use of prevailing air 
currents to pass the air through the collecting cell. If this air velocity is not adequate, 
the electronic wind created by the ionizing field will in itself produce a satisfactory 
flow. There is thus no need to incorporate a fan or similar device in the apparatus. 


Fig. 6.—Portable electrostatic precipitator ready for use. Protective screen has been removed 


to show internal construction of the collecting cell. 


Fig. 7—Power pack with battery compartment open. 


When the sampler is to be used in air flowing at more than 500 ft. a minute, in 
order to avoid loss of efficiency, it will be necessary to clip onto the existing wire 
mesh covering the discharge side a wire mesh sufficiently fine to reduce the velocity 
through the instrument to less than 500 ft. a minute. If the sample is required for 
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analysis only, there is no need to measure the volume flow, but if the mass concentra- 
tion of dust in the air is required, the volume can be obtained by means of a small 
anemometer placed at the discharge side of the collecting cell. 

The possibility of using a size-selecting device (e. g.. a horizontal plate elutriator ) 
to ensure that only respirable dust is collected has been considered. This wall add 
to the size of the collecting cell and can operate satisfactorily only if a fixed rate of 


air flow ts maintained through it. a condition which does not apply to the apparatus 


used as envisaged in the preceding paragraphs. The collection of large particles can, 
however, be avoided by collecting the dust at some distance away from the source 
of production, and, if necessary, the sample can be further elutriated into fractions 
of different sizes before analysis. 
SUMMARY 

A portable electrostatic dust sampler is deseribed, Operating either from elee- 
tric mains or from six small batteries, it can sample, with satisfactorily high effi 
ciency, at 100 ¢.f.m. or more for 12 to 15 hours. If air velocities are very low, its 
own “electric wind” will give a minimum air flow of 40 ¢.f.m. past the collecting 
plates. It meets the need for a dust sampler able to collect in a reasonable time 
sufficient air-borne dust for x-ray or chemical analysis. The total weight of the 
apparatus is 42 Ib. 

The apparatus was designed and constructed in the Transvaal and Orange Free State 
Chamber of Mines Research Laboratories. Messrs. Jamieson and Doggett and other. staff 


members assisted with the project. The Transvaal and Orange Free State Chamber of Mines 
granted permission to publish this paper 
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INDUCTION WITH SURGICAL TALC AND TRANSPLANTATION OF GRAN- 
ULATION TISSUE IN CHEEK POUCH OF GOLDEN HAMSTER 


GEORGE R. BERNARD, Ph.D. 
DONALD |. PATT, Ph.D. 
AND 
RAJENDRA G. DESAI, M.D. 
BOSTON 


NTOPOL ' first ascribed the postoperative complication of granuloma forma: 
tion to the use of talc in surgery. Two sites have been used for the study of 
experimental granuloma induction by talcum powder in animals. The usual technique 
involves injection of saline suspensions of tale or the dry mineral dust into the peri- 
toneal cavity (Grieco,? Schulz and Williams,* German,* Lichtman and associates,’ 
and Schlumberger °). Granuloma induction by subcutaneous injection of tale has 
been accomplished by Grieco.’ 
This paper will describe the use of a new site, the membranous cheek pouch of 
the golden hamster ( Mesocricetus auratus), for the in vivo microscopic observation 
of granuloma formation following tale injection. The site might prove useful for 


the study of various other mineral-induced granulomata or for the screening of 
dusting-powder substitutes. Fallon and Banting * used the rabbit ear as a site for 
quartz-induced granuloma studies. The rabbit ear, however, did not readily permit 
microscopic examination of circulatory or volume changes. 


METHODS 


The cheek pouch of the golden hamster is a paired sac-like organ opening into 
the buccal cavity and extending caudad about 3 cm. It can be everted by gentle 
traction and pinned out for observation. The technique described by Fulton, 
Jackson, and Lutz* permits observation, photography, and measurement of the 
lesion with an ocular micrometer by transillumination or reflected light or both. 

Approximately 60 mature hamsters were used in this research. They weighed from 90 to 
130 gm., and all were more than 8 weeks old. 


The talc was mixed with sterile mammalian Ringer’s solution (3 parts tale to 2 parts 
Ringer's), and 0.02 to 0.05 ml. of the homogeneous mixture was injected through a 20-gauge 
needle into the areolar tissue of the pouch. 

The original source of the surgical talc used for all injections is unknown. Upon chemical 
analysis it was found not to be pure tale (hydrous magnesium silicate, HeMgs[{SiOs],) but 
contained 44% carbonate and 19.8% silicate by weight. It was 2.6% water-soluble. Fifty-six 
per cent of all particles were smaller than 3 # (longest dimension) ; 89% were smaller than 
10 #. At times particles as large as 50 , were observed. 


From the Department of Biology, Boston University. This investigation was supported 
in part by a research grant, C-1644 (c), from the National Cancer Institute of the National 
Institutes of Health, United States Public Health Service. 
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TALC GRANULOMA HAMSTER 


CHEEK POUCH 


Specimens of granulomata in various stages of development were taken for biopsy at daily 
intervals for the first month and at approximately semimonthly intervals thereafter. Photographs 
at a magnification of 10x were made of the lesions developing in the cheek pouches of three 
hamsters. These were made daily for the first six days and every three days thereafter for 
four months in order to record the vascular reaction. 

For removing the granuloma for biopsy, the hamster was anesthetized with 8 to 9 mg. of 
veterinary pentobarbital sodium (Abbott) per 100 gm. of body weight. The pouch containing 
the lesion was pinned out on a piece of cork; the proximal (buccal) end of the pouch was 
ligated with a nonabsorbable surgical (nylon) suture and then transected distad of the suture 
Ten per cent neutral buffered formalin (0.1 M phosphate) was found most satisfactory for 
fixation. The tissue was embedded in Tissuemat and sectioned at 4 to 8 #4, depending on the 
condition of the tissue. Two stains were routinely used—Harris’ hematoxylin with eosin- 
phloxine counterstain, and Van Gieson’s connective tissue stain. In addition, all sections were 
studied with a polarizing microscope. 


Transplantation of the granulomatous tissue was accomplished by pinning out the pouch 
of the donor, making a small lengthwise incision along one side of the lesion, and freeing it 
from the pouch connective tissue. The excised tissue was then inserted beneath the epithelium ot 
the contralateral pouch or into the pouch of another hamster. To prepare the recipient pouch, 
a very small incision (1 mm.) was made through the epithelium, and one arm of a pair of fine, 
blunt-tipped forceps was inserted for a distance of about 10 mm. between the epithelia of the 
distal portion of the pouch, thus producing a tunnel into which the granuloma could be 
manipulated. 


RESULTS 
Gross Appearance of the Tale Lesion.—The lesion immediately following the 
injection of the tale suspension had a white appearance. Within 24 hours the blood 
vessels of the entire pouch became engorged, and the lesion appeared inflamed. By 
48 hours the caliber of the vessels narrowed but their paths became tortuous. The 
vascular evidence of inflammation subsided by the ninth day (Plate I, Figs. 1 to 3) 


If a tale implant is studied over a period of months, the computed volume 
increases during the first two weeks. The greatest recorded increase in size was 
four times the size of the implant. The initial increase can be attributed to edema 
and inflammation; further growth, to the development of the granuloma. After 
four weeks there is a slight decrease in size. The size and shape then remain rela 
tively constant. The shape is usually fusiform (Plate I, Figs. 4 to 6). 

Microscopic Appearance of the Tale Lesion.—The technique of injection 
involved considerable trauma to some of the pouch blood vessels. Occasionally 
hemorrhages occurred, and hemosiderin deposits were found in sections through the 
lesions. By 24 hours the blood vessels surrounding the implant were congested. 
Within the developing granuloma congested small blood vessels were observed 
8 days after implantation ; this congestion persisted for more than 70 days (Plate II, 
Fig. 5). A six-month-old lesion had very few small blood vessels within the core, 
and all of these were normal. 

Edema of the pouch connective tissue stroma persisted for two days following 
injection of the saline-tale suspension. An acute inflammatory reaction started on 
the second day and subsided by the fifth day. A chronic inflammatory reaction was 
observed in only one case, a 49-day-old lesion. This particular lesion was sur- 
rounded by an area of hemorrhage. 


Much nuclear debris (with an occasional intact lymphocyte) was found in the 
center of the lesion four hours after tale injection. Twenty hours later the cheek 
pouch blood vessels on the periphery of the lesion were surrounded by lymphocytes. 
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and by the fifth day these had spread throughout the lesion, becoming the predomi- 


nant cell type. Central necrosis and caseation were found in the core of most 


lesions. In one four-month-old lesion, with a large amoant of necrosis, plasma cells 
were also observed. 


Neutrophilic leucocytes were the predominant cell type during the acute inflam- 
matory reaction, On the fourth day the ratio of lymphocytes to neutrophiles was 


Fig. 1.—Appearance of cheek pouch immediately tollowing injection of tale-saline mixture 
Transmitted and reflected light; 5x. 


Fig. 2.—Four-day-old lesion, Note dilatation of the blood vessels and the inflammed appear 
ance of the lesion. Transmitted and reflected light; 5x. 


Fig. 3.—Nine-day-old lesion, Note the tortucsity of the blood vessels and the slighter degre« 
of inflammation. Transmitted light; 5x. 


Fig. 4.—Twenty-four-day-old lesion. Transmitted light; 5» 
Fig. 5.—Forty-six-day-old lesion. Transmitted light; 5x. 


Fig, 6.—One-hundred-fiftteen-day-old lesion. Transmitted light; 5> 
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1:1. The neutrophiles first appeared in the necrotic core and then gradually filled 


the entire lesion. The granulomatous tissue developed at the periphery. Eosino- 

philic leucocytes were found in the peripheral tissue only once (seventh cay ). 
Histiocytes were very numerous in lesions up to 80 days old. They first 

appeared at the periphery immediately after injection and were most numerous dur 


ing the first week. 


Priate Il 


Fig. 1—Birefringence of “tale” crystals in a day-old cheek-pouch lesion; 60x. 

Fig. 2.—Birefringence of “tale” crystals in a seven-day-old cheek-pouch lesion; 60x. 

Fig. 3.—Cross section through a five-day-old tale lesion, demonstrating a discrete lesion with 
early capsule formation. Hematoxylin and eosin-phloxine; 13x. 

Fig. 4.—Photograph of section shown in Figure 3. Note numerous neutrophilic leucocytes 
and the capsule. Hematoxylin and eosin-phloxine; 84; 

Fig. 5.—Photograph of an 80-day-old lesion, showing four smaller blood vessels. Hematoxylin 
and eosin-phloxine; 264 x. 
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Foreign-body giant cells first appeared in the lesion on the third day and could 
be found at any time thereafter. Phagocytosis of larger talc particles by the foreign- 
body giant cells was first observed four days after implantation. The amount of 
birefringent material within the implant diminished very rapidly during the first 
week (Plate II, Figs. 1 and 2) and was nearly constant thereafter. A large propor- 
tion of the talc even after 10 months in the pouch was extracellular, although at this 
time histiocytes were found with intracellular tale granules. 


The formation of fibrous tissue is important in the genesis of the talc-induced 
granuloma in the hamster cheek pouch. Twenty-four hours after implantation, 
a narrow collagenous fibrous capsule was produced by the rapidly proliferating 
fibroblasts. For the next two to three days this band was infiltrated by lympho- 
cytes. The capsule became thicker and denser. Fibrous projections toward the core 
of the lesion appeared on the fifth day (Plate II, Figs. 3 and 4). Rapid prolifera- 
tion of fibroblasts continued for four months, when reticular fibers were observed 
among the collagen fibers and the fibroblasts had invaded the entire lesion. 


In only one case, that of a five-day-old lesion, was there any evidence of change in 
the pouch epithelium, The basal cells of the epithelium were proliferating abnor- 
mally. The muscle tissue of the pouch was never involved. 

Three distinct stages occurred in the development of the talc granuloma in the 
cheek pouch. The first, lasting about a week, was characterized by predominance 
of neutrophilic leucocytes and the production of pus; the second, by the presence of 
numerous congested small blood vesseis; and the third, by fibrosis, predominance 


of histiocytes and foreign-body giant cells, and absence of lymphocytes and neutro- 
philic leucocytes. 


Transplantation of Granulation Tissue —Serial subplantations (from one pouch 
to the other of the same hamster) were attempted. After the initial increase in 
volume following injection of the talc-saline suspension, no further marked increase 
in volume occurred, even after six successful subplantations. 


Homologous transplantations of the granulomata for six generations were also 
successful. Heterotransplantation of granulomatous tissue induced by tale in the 
flanks of Wistar-strain rats was less successful. Such tissue would survive (at its 
original volume) for more than a month but was not transplantable. Hamster flank 
granulomata, however, were transplantable into hamster cheek pouches. 

Transplantation of granulomatous tissue did not stimulate the proliferation of 
new small blood vessels into the lesion. Very few capillaries were seen in fourth, 
fifth, or sixth generation subplants or homotransplants. 


COMMENT 

In the human being, talc granulomata as large as 14 by 8 cm. (average 1 cm.) 
have been observed.* Grieco* demonstrated that in dogs and rabbits only a few 
crystals were required to incite a large mass of inflammatory reaction. Hyperplasia 
following implantation of other silicates has been observed in other instances in man. 
Lederer and Savage '’ reported that accidental subcutaneous implantation of minute 
amounts of beryllium silicate can give rise to nodules 2 cm. in diameter. Hyperplasia 
in the hamster was not as marked. Among the invertebrates, the cockroach does not 
react to tale crystals by hyperplasia (Schlumberger ®). The technique of implanta- 
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tion, however, may impose some limits to the amount of hyperplasia in the hamster. 
If the same amount of tale had been thinly distributed over a greater area of the 
pouch, perhaps a greater tissue reaction might have resulted. Irwin and Gibson " 
reported that diffuse quartz injections into the subcutaneous region of rabbits 
resulted in larger granulomata (although the nodule size was but slightly greater 
than the volume of material injected) than localized injections of the same quantity 
of irritant. 


During the second and third months, the tale granulomata in the hamster's cheek 
pouch were observed to decrease slightly in size. Simultaneously there was a very 
marked loss of birefringent material from the lesion. Since the tale used for injec- 
tion contained a very high percentage of carbonate, possibly this substance was 
removed by solution or by phagocytosis. A similar loss in volume following injection 
of tale powders with a high carbonate content was observed by Schulz and 
Williams.* By mineralogical analysis, these investigators showed that it was a loss 
of carbonate from the lesion that was responsible. 

The fusiform shape of the granuloma in the cheek pouch can be attributed to a 
combination of two factors: The injection mass, in most cases, assumed the shape 
of a flattened, elongated ellipsoid, with its long axis parallel to the long axis of the 
pouch ; and, secondly, the longitudinal arrangement of the areolar tissue tended to 
preserve the original shape until the fibrous connective tissue capsule formed. 

The genesis of a talc-induced granuloma in the hamster’s cheek pouch is similar 
to that described by German * in the peritoneum of the rabbit and guinea pig and by 
Lichtman and associates ® in the ileal loops of the dog. This granuloma was also 
similar to that induced by quartz in the rabbit ear (Fallon and Banting *) and to 


the beryllium granuloma in the subcutaneous tissue of the pig (Dutra '). Conges- 
tion of the small blood vessels, similar to that observed during the second phase of 
tale granuloma formation in the hamster, was reported by Irwin and Gibson '' in 
quartz-induced granuloma of the skin of the rabbit. If the tale-induced lesions in 
the hamster had been allowed to persist for a period longer than our maximum of 
one year, the cytological evidence indicates that a bona fide “silicotic nodule,” as 
defined by Belt,’® would have developed. Such a nodule possesses an acellular core 


of reticular fibers surrounded by a “redundant,” avascular, collagenous capsule, 
which contains little or no dust. 

The significance of the transplantability of granulation tissue appears in relation 
to the transplantation of human malignant tissue into the hamster’s cheek pouch, 
because such transplants will often persist for long periods without increasing in 
volume. Upon histological examination they are usually found to be granulomatous 


SUMMARY 


Granulation of tissue was induced in the cheek pouch of the golden hamster by 
implantation of surgical tale. Autologous and homologous transplantation of this 
tissue was possible. Heterologous transplantation from rat to hamster was partially 
successful. 

The genesis of tale-induced granulomatous tissue is described. 

Dr. R. Lodorocco, of the New England Medical Center Hospital, assisted in the diagnosis of 


pathological changes, and Mr. Thomas F. Kelley rendered technical assistance. 
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OCCUPATIONAL FRACTURES AMONG CIVILIAN EMPLOYEES 
AT A UNITED STATES NAVAL SHIPYARD 


WARREN R. GUILD, M.D. 
BOSTON 


N ANALYSIS of industrial fractures is essential for developing preventive 
measures aimed at reducing their incidence. Because fractures represent a 
well-defined and unequivocal type of injury and because the medical literature has 
heen almost solely concerned with industrial accidents in foto, this report is limited 
to a consideration of fractures. This study was conducted at the New York Naval 
Shipyard, Brooklyn, during the 12-month period from Oct. 1, 1952, to Sept. 30, 
1953. This shipyard’s responsibility is the repair, maintenance, and construction 
of all classes and types of United States Navy ships. Only the analysis of civilian 
production personnel is the subject of this report, the office workers being excluded. 
It was desired to determine the over-all incidence of fractures among these workers, 
the age group in which the highest incidence of fractures occurs, and the types of 
iractures most commonly encountered. 


At the time of this study, the shipyard production force consisted of 15,073 


civilian employees. There were 162 industrial fractures in the 12-month period 


studied. Thus, 1.16% of the workers (1 in 86) suffered a fracture during the 
year. Table 1 indicates the age distribution of fractures during the first six months 
of the study, during which time there were 85 fractures. As can be seen, there is 
no statistical predilection for fractures in any decade of life. Others * have shown 
that the accident rate, not the fracture rate, is highest among the younger workers, 
‘ven though the experience among the age groups is equal.* Apparently the increased 
caution, experience, and maturity of the older men compensate for their “brittle 
hones and slower reflexes.” The younger and older men were in comparable jobs, 
indicating that the hazard of trauma was approximately equal in all age groups. 
However, certain occupations, such as rigging and ship fitting, were more hazardous 
in regard to fractures than were other skills, such as sailmaking. 

Table 2 indicates the sites of the 162 fractures. It can be seen that the commonest 
fractures, accounting for half of the total, are of the fingers. Although no practical 
protective gear is available for fingers, these injuries are the least important in 
terms of temporary and permanent disability. Forty-nine fractures, or 30% of the 
total, occurred in the toes and the feet, an area which is inside the shoe. It is 
reasonable to assume that greater emphasis on the use of safety shoes, which are at 
present purchased by the employee and worn on a voluntary basis, can be expected 
to reduce the number and severity of these fractures. This is the only group, other 


* References 1 and 2. 
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than skull injuries, which can be controlled by protective gear. The wearing of 
skull guards is compulsory at this shipyard. It is apparent from these data that 
the fracture rate of 11.6 per 1,000 workers per year is high and suggests that inten- 
sive education, compulsory use of safety shoes, and the study of each trade might 
be rewarding. 

SUMMARY 


A group of 15,073 civilian shipyard workers was found to have a rate of 11.6 
fractures per 1,000 workers per year. Age did not affect this rate. Thirty per 
cent of the fractures were of the toes and feet, suggesting that inadequate emphasis 


Tasre 1.—Relation of Age to Occurrence of Fractures 


Fractures, Incidence for 
Age Range, Yr. No. Men, No. 6 Mo., % 


13 2,366 0.55 

27 4,722 0.57 

20 3,061 0.55 

51 and older 25 4,324 0.58 
All ages 85 15,073 0.56 


TaABLe 2.—Sites of Fractures 


Fractures 
Bite No. 
Upper extremity 


is being placed on the use of safety shoes. Forty-nine per cent of the fractures 
were of the fingers, suggesting that further study and education are necessary to 
decrease this number, since protective gear for these parts is not practical. 

Ralph Goldman, M.D., assisted in the preparation of the manuscript. 


Peter Bent Brigham Hospital, 721 Huntington Ave. 
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NEW ENVIRONMENTAL RESPIRATORY DISEASE (YOKOHAMA ASTHMA) 


Preliminary Report 


LIEUTENANT COLONEL TYRON E. HUBER 
MAJOR SHELDON W. JOSEPH 
MAJOR EDWARD KNOBLOCK 

MEDICAL CORPS, UNITED STATES ARMY 


LIEUTENANT PAUL L. REDFEARN 
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JAMES A. KARAKAWA 
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NVIRONMENTAL atmospheric conditions have been considered as impor- 

tant contributing factors in the pathogenesis of respiratory diseases by many 
authors. However, the data to substantiate these claims have seldom been available, 
principally because of the inherent difficulties in obtaining convincing information 
during the periods of highest incidence of the acute respiratory disease under inves- 
tigation in relation to atmospheric conditions. Because unusual atmospheric condi- 
tions in certain parts of Japan ( Yokohama, Tokyo) appeared to be related to the 
occurrences of a peculiar type of asthma, an investigation of the various environ- 
mental factors in Yokohama, Japan, was undertaken in order to obtain information 
that might conceivably contribute to the identification of the etiological agent, as 
well as to the elucidation of the pathogenesis of this peculiar type of asthma. 


HISTORY 

The disease entity, popularly termed “Yokohama asthma,” was recorded for 
the first time in the autumn of 1946 in the Medical Department Essential Technical 
Data monthly reports from the United States Army Hospital in Yokohama, Japan. 
The clinicians at this hospital reported encountering an unusually large number oi 
patients with “asthma” and assumed that the etiology, pathogenesis, and therapy 
would be similiar to the types of asthma with which they were familiar and had 
encountered in the United States. 


During the autumn months of 1949, it was recognized that this disease entity, 
for which the name “Yokohama asthma” had by then been coined by the United 


Presented before the National Academy of Sciences-National Research Council, Division 
of Medical Sciences, Subcommittee on Atmospheric and Industrial Hygiene, 1954, and the 
Committee on Sanitary Engineering and Environment, 1954. 


Research and Development Division, Office of the Surgeon General, Department of the 
Army (Lieutenant Colonel Huber); Brooke Army Hospital, Brooke Army Medical Center, 
Fort Sam Houston, Texas (Major Joseph); Army Medical Service Graduate School, Walter 
Reed Army Medical Center, Washington, D. C. (Major Knoblock) ; 48th Medical Detachment, 
Blood Bank Laboratory, United States Army Forces Far East (Lieutenant Redfearn). 
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States military personnel of the Yokohama area, was sufficiently dissimilar from 
the usually encountered types of asthma in the United States to warrant the initia 
tion of preliminary studies concerning the etiology of this disease. The Medical 
Staff of the United States Army Hospital in Yokohama therefore undertook to 
catalogue the collection of clinical data in an attempt to provide an accurate descrip 
tion of the clinical entity. 

CLINICAL COURSI 

The clinical features of a typical case of “Yokohama asthma” were formulated ; 
\n initial bronchitis was experienced by the patient, described as a ‘cold that 
lingered on” during the autumn and early winter months of his first year of residency 
in the Yokohama area. The slight dyspnea on effort caused some concern to the 
patient, but usually it was not sufficiently alarming to provoke the patient to seek 
medical assistance. During the second resident year the patient experienced sharply 
defined periods during the fall and winter months when he had difficulty breathing. 
These periods coineided with periods of prevailing smog. The attacks of dyspnea 
usually occurred in the early morning hours between | and 3 a.m., with the patient 
awakening, gasping for breath, and emotionally disturbed, as he had never previously 
experienced suffocation to this degree, nor had he experienced symptoms of hay 
fever, allergic rhinitis, or asthma. Furthermore, other members of his family had 
been, as a general rule, free from allergic symptoms. During the periods of heavy 
smog, as many as 30 to 40 patients (from an estimated population of 35,000) in 
the period from September through December, 1949, sought relief from their 
breathlessness between 1 and 3a. m, at the United States Army Hospital in Yoko- 
hama. If residence in the Yokohama area was continued for a third year, the 
clinical condition of status asthmaticus frequently supervened during the winter 
months, making evacuation from the Yokohama area mandatory. 

Nevertheless, there were exceptions to the clinical pattern outlined above; i. e., 
several cases of status asthmaticus occurred after four months of residence in the 
Yokohama area, and numerous cases were recogni.ed that displayed the initial 
symptoms as late as 40 months after arrival in the Yokohama area. Approximately 
one-half of the patients in the latter group rapidly developed status asthmaticus. 
No definite age group appeared to be spared, for a considerable number of children 
of the United States military personnel developed a severe form of tracheobronchitis 
that rapidly progressed to the typical asthmatic condition. 

The therapeutic measures employed were usually ineffective. Antibiotics and 
antihistamines consistently failed to alter the progression of the disease. When used 
as a prophylactic agent, ephedrine sulfate in small doses (“4,4 grain, or 11 mg.) 
afforded some relief, while epinephrine (Adrenalin) in repeated frequent doses 
(0.3 ce.) induced temporary relief, In either case the patient rapidly developed resist- 
ance to these drugs. Similarly, aminophylline resistance developed quickly, often 
after the first administration. Oxygen therapy usually provided the patient with 
immediate temporary relief and was instituted when heroic therapy was necessary. 


Removal of the patient from the Yokohama area appeared to be the only effective. 
form of therapy. 


Approximately 40% of 200 patients with “Yokohama asthma” that were studied 
in considerable detail during a nine-month period in 1951 were returned to the 
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United States because of the terminal development of status asthmaticus. Follow 
up histories obtained from these patients upon their arrival in the United States 
have revealed an asymptomatic status, which was dramatically experienced by the 
patient shortly after leaving the harbor area of Yokohama. Likewise, it has been 
observed that relief from severe asthmatic attacks has been obtained by transferring 
these patients with “Yokohama asthma” to other localities, particularly to mountain 
ous terrain; however, upon return to the Yokohama area the patient would develop 
status asthmaticus. 

The clinicians at the United States Army Hospital, Yokohanm, were impressed 
that these patients did not, as a rule, exhibit overt psychosomatic tendencies. More 
over, these patients were singularly well adapted to their environment and performed 
outstanding work, even though breathlessness and lack of sleep interterred with their 
full capacity for performance of duty. They resisted strenuously the thought of 
medical evacuation to the United States even after the establishment of status asth 
maticus, and it was usually at the initiative of the attending medical officer that 
medical evacuation was considered. 

It was ascertained from well-informed Japanese physicians that this type of 
asthma occurred among the indigenous Japanese in sufficient magmitude to constitute 
a medical problem of no small importance. Likewise, asthma had been known to 
occur among British, French, Dutch, and other foreign personnel residing in Japan 
before World War II. In addition, this respiratory disease entity was soon recog 
nized and reported among United States military personnel residing in Japan outside 
the Yokohama-Tokvo area. Thus, the popularly coined term “Yokohama asthma” 
is a misnomer and should be replaced by a more generic designation. We propose 
the term “environmental respiratory disease” in order to annotate as precisely as 
possible this particular respiratory disease entity, since a perusal of the locations 
of highest incidence revealed several common features—proximity to a harbor 
usually surrounded by low hills, sundry manutacturing facilities, and the occurrence 
of “heavy smog” during the winter months. 

When it had been determined from the clinical investigations conducted at the 
United States Army Hospital in Yokohama that a respiratory disease entity was 
sufficiently dissimilar from the usually encountered types of asthma in the United 
States, the responsible medical authorities in the Far East authorized the establish 
ment of an Allergy Investigation Section in the fall of 1950, under the direction of 
the Chemistry Department of the 406th Medical General Laboratory, Tokyo, Japan. 
Three phases of laboratory investigation were envisaged, in which various aspects 
of each phase were to he coordinated with the clinical studies then in progress in 
Yokohama. The first phase was concerned with the investigation of possible bio- 
logical causes ; the second phase, with efforts to determine the effect and correlation 
of weather features in the Yokohama area with the disease entity there, and the 
third phase, with the undertaking of a study of industrial air pollution. 


BIOLOGICAL STUDLES 


Daily pollen slide collections were obtained by exposing glass slides lightly coated 
with glycerin jelly to air for 24 hours at nine stations established throughout the 
Yokohama area, conforming with the highest and lowest areas of incidence of “ Yoko- 
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hama asthma,” and at various altitudes ranging from sea level to the hills surround- 


ing Yokohama. A résumé of the botanical investigations accomplished is as follows : 


Specimens Received No. 
Pollen slides from 9 stations 2,018 
Plants collected for reference slides 453 
Pollens collected for reference slides 453 
Plates collected from mold counts 531 
Materials obtained for extraction 31 


Total 3,486 


Examinations No. 
Pollen slides examined 1,200 
Plants examined and classified 
Pollen reference slides prepared 
Plates examined 
Fungus cultures prepared from rice 
Fungus slides examined 
Materials extracted (allergen preparation) 


Total 3,041 


Rinus joponca 2 
Corylus Sieboidione (Hore!) 

Cryptomerie jopenica Don (Cedar) 
Equisetum orvense -spore (Horsetoils) 


Thuj@ occidentalis (ehite Cedors) 
japonica Thunb Wiliows) 


Coren woliona Fr et Sov (Sedge) 
Poe onnve (Spear gross) 
Populus Siebold: Miquel (Popiers) 
Corpinus tonifiore (Hormbeoms) 
Cepholotosus drupocece ef (Jap yew 
Zeihowo serrata Mokino (Joep eims) 
Aveube japonica Thund ("oom 
ties integra” Thund (Hollys) 
Ginko (Maidennair tree) 
sinensis Persoon (Mockberry) 
Rumen Acetoso (Sorret) 
Rumen crispus & (docks) 
Froninus Sieboidiana (oshes) 
Morus Koide (Mulberry) 
(Walnuts) 
Aphononthe aspera Pianch (eims) 
Piantogo major (common piontarns) 
Pinus Thunbdergi port (Jen pines) 
Quercus serrata Thund (oons) 
occidentalis (Sycamore) 
Houttuynie cordete Thunb 
Polypogon Higeower: Steud ("Mie gross”) 
minor 
Festuca eletior (Fescue gross) 
Peo protensis (June grass) 
Doctyiis glomerota (Orchard grets) 
Phieum protense (Timothy gress) 
Agrostis polustris Huds (red top) 
Broussonetio papyriferc Vent (poper Mulberry) 
Trachycorpus excelus Wend (Jop poims) 
Koelerio grociiis Pers (crested haw gross) 
Chenopodium ticitelium Sm (goo or) 
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Chenopodium cidum (Jop Goosefoot) 
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Festuca Myuros (Fescue gross) 
Ambrosio ortemisioetolio (rogweed) 
Ambrosio psilostochyo Decone (ragweed) 
Anthomis Cotwio 
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6 

Osmonthus UMokuse:") 
Amoronthus spinosus (spiny 
Amerenthus groecizons (tumbleweed) 
Amoronthus retrotiesus (rough pigweed) 
Artemisia conodensis (Field sogewor') 
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Fig. 1.—Pollination calendar for the Tokyo-Yokohama area. 
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Floral calendars and maps of “hay fever plants” of the Yokohama area were 
prepared, establishing the abundance of the plants in that locality. Reference pollen 
slides and herbarium specimens were obtained from the different plants collected. 
Photographs were assembled of the reference pollen slides, as well as a file containing 
data on 1,200 common plants found in the Yokohama area, with information con- 
cerning site of growth, abundance, pollinating season, and commercial utilization. 
From Figure 1, the types of pollens and other substances observed in the greatest 
abundance during the specified seasons are summarized. 


Willow Acacia 
sirch Oak Yew 
Alder Pine 
Plantain Grasses (timothy, rice, etc.) 
Dock Molds 
Sycamore 
Hops Pigweed 
Ragweed W ormseed 
Goldenrod Osmanthus 
Miscanthus 
Spores and fragments of various members of filinicae and algae 
Fragments of stalks and leaves of rice plants 
Seaweed 
Sawdust 


In addition, monthly botanical surveys were conducted in the Yokohama area 
in order to obtain information on vegetation growing in the Yokohama area at that 
time and to collect the most typical pollinating plants for the preparation of extracts. 
Comparisons were made of the “hay fever plants” growing in the Tokyo- Yokohama 
area with the so-called hay fever plants of the United States. From this study it 
was ascertained that there was a similarity between the types of weeds, grasses, 
and other plants growing in the Tokyo-Yokohama area and those in the United 
States. In recent years, especially since the conclusion of hostilities of World War 
II, the influx of foreign plants into Japan has been accelerated, and several new 
types of weeds, grasses, and plants have become firmly established in the Tokyo- 
Yokohama area. For instance, ragweed, the largest single causative agent of autum- 
nal hay fever in the United States, is also found to be growing vigorously in the 
Yokohama area; indeed, in some localities of Yokohama it has outweeded the native 
plants. In addition to the typical “hay fever plants” found in the United States 
(various grasses, ragweeds, thistles, docks, chenopods, plantains, birches, willows, 
privets, etc.), there are indigenous types, which include hops, mulberry, miscanthus, 
camanthus, and Japanese cedars in the Yokohama area. 

During the winter months spores, molds, and rusts ( Alternaria, Homodendron, 
Aspergillus, Penicillium, Puccinia), algae, fungi, mosses, and ferns were con- 
sistently reported. Because of the peculiar climatic conditions prevailing during the 
winter months in the Tokyo-Yokohama area, when the air is usually dry and 
there is a minimum of rainfall, these lower forms of plants were considered 
as possible etiological agents in the production of “Yokohama asthma.” Rice was 
incriminated because of its abundance in Japan and because of the method of drying 
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and harvesting on a small scale in the family yard or along the roadside. Rice 


huskings, with characteristic fungi, were reported, in abundance on the plate collec 


tions during the winter months. Also, algae (seaweed) and fern spores were 
observed frequently on plate examinations during the winter months, as_ the 
drying and packaging of seaweed is one of the major winter industries of the Tokyo- 
Yokohama area. 

During the spring months (from March to June) the most significant air-borne 
pollen found on the slides was that of cedar (April) and pine (early May). These 
two plants are found abundantly throughout Japan, and particularly in the Yoko 
hama area, where many small stands of cedar forests are located. Pollens of Betula, 
Ginkgo, Castanea, Acer, and Alnus were also identified on the slides, but less fre- 
quently than the pollens of cedar and pine. 

The summer months revealed myriads of flowers of various garden types, mostly 
entomophiles, which have little relation to the etiology of “Yokohama asthma,” 
since the incidence of that disease is very low during the summer months. More- 
over, the rainy season extends through June and July and prevents dissemination of 
pollens, even of the anemophilous type, such as grasses. 

With the advent of autumn, evidence of suspected “hay fever plants” appears. 
As in most parts of the United States, the Yokohama area has all the weeds which 
are capable of producing hay fever. These include amaranth (pigweed and careless 
weed), chenopods, atriplexes (salt bushes and orachs), and various members of the 
Compositae, such as Ambrosia (ragweeds), Nanthium (cockleburs), Solidago 
(goldenrods ), Artemisia (sagebrushes), and Chrysanthemum (cultivated and wild 
species). These plants begin to flower in mid-August and, in the case of chrysanthe- 
mums, persist through December, until the first or second killing frost. 

Although it was the initial opinion of the clinical group that the cause of this 
environmental respiratory disease might be a pollinating plant peculiar to the 
Yokohama area, this opinion had to be altered when the results of the above- 
mentioned biological studies were evaluated, for it was evident that the greatest inci- 
dence of this disease entity occurred during the winter months, when only sparse 
amounts of pollen were present on the slides collected and examined. 

After further analysis of the results of the biological studies, it was believed 
that perhaps one practical approach to the problem of determining the etiology of 
this respiratory disease was to prepare antigenic extracts of the pollens and molds 
identified on the slide collections during the winter months, when the highest inci- 
dence of that disease entity occurred. The pollens were extracted by the method of 
Strauss and Spain.' Likewise, allergenic extracts of pure cultures of molds were 
prepared, The extracts of rice, as well as the extracts of fungi associated with rice 
huskings, were prepared by the method of Cooke.* Extracts of house dust were pre- 
pared by the method of Vaughan and Black * from samples of dust collected from 
the homes of persons affected with this respiratory disease. All extracts were 
sterilized for clinical testing by Seitz filtration, and sterility tests were performed on 
each extract by the Bacteriology Department of the 406th Medical General Labora- 
tory. All extracts, with the exception of dust extracts, were standardized by the 
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determination of the protein nitrogen factor in the extract and were converted into 
protein nitrogen units by the method of Vaughan and Black." 


Clinical skin testing utilizing the above extracts was undertaken by the Medical 
Staff of the United States Army Hospital, Yokohama, on patients having docu- 
mented clinical attacks of environmental respiratory disease but relatively asympto- 
matic at the time of skin testing. The intradermal testing on approximatels 
50 patients failed to provide positive results with the extract material. Thus, it was 


the opinion of the clinicians that, since the antigenic substance did not appear to be 
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Fig. 2.—Yokohama asthma, November and December, 1952. Comparison of daily case inci- 
dence with average daily wind velocities and precipitation 


present in the prepared extract, it would be logical to assume that the etiological 


factor of this respiratory disease entity was not represented in the extract. How- 
ever, it was recognized that with the available evidence one could not categorically 
assume that this environmental respiratory disease was not caused, at least in a few 
cases, by pollen of “hay fever-producing plants” in the Yokohama area. Neverthe- 
less, it was believed that, in view of the negative results of the intradermal testing, 
the laboratory studies should be shifted to the second and third phases of the proj- 
ected study, namely, the study of weather factors and of industrial air pollution. 
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AIR POLLUTION STUDIES (COMBINED WITH EFFECT AND CORRELATION 
OF WEATHER FEATURES) 

The composition of the atmosphere of Yokohama does not appear to be constant. 
Because of many heterogeneous by-products of industry, the sources of air contami- 
nants are many and varied. The first contaminant source to be considered was the 
combustion of fuels, with their resultant discharges of sulfur dioxide and of organic 
gases and vapors, including methane, acetylene, aldehydes, phenols, ketones, 
ammonia, and alcohols. Because of the availability of low-grade coal, those contami- 
nants consisting of carbon monoxide, carbon dioxide, oxides of nitrogen, hydrocar- 
bons, and organic acids received particular emphasis. 


Weather data, including wind direction and velocity, precipitation, and tempera- 
ture inversion data for the Yokohama area, were made available by the 2143d Air 
Weather Wing, United States Air Force, which is, unfortunately, situated 6 miles 
from Yokohama. However, by employing spot checks on the weather supplied 


against the actual meteorological conditions existing in Yokohama, it is believed that 
no serious discrepancies have been reported. Of all the accumulated weather data, 
only wind velocity, precipitation, and temperature inversion appear to bear any 
statistical relationship to the incidence of this respiratory disease entity, as sum- 
marized below from Figure 2. 


Days of Smog 
Smog-tree Days Formation 


Average 

Wind velocity 12 mph 8.3 mph 
Rainfall 0.21 in 0.03 in. 
No. of cases 2.3 12.2 


Throughout the period of these studies we were aware that a relationship existed 
between the presence of smog and the incidence of this respiratory disease entity. 
Moreover, by smelling the air late in the afternoon in the vicinity of the United States 
Army Hospital in Yokohama, one could predict with considerable accuracy the num- 
ber of patients who would seek medical attention that evening. The topography of 
Yokohama can best be opserved from the vantage point astride the low undulating 
hills which ring the Yokohama harbor at a distance of 4 to 5 miles, and the smog. 
under certain meteorological conditions of low wind velocity and precipitation, is 
pocketed and appears to be the result of strong temperature inversions. 


An air-sampling station was established in the proximity of the United States 
Army Hospital in Yokohama at a location of the highest reported incidence of this 
environmental disease per 1,000 per annum. Samples of air were tested for sulfur 
dioxide by the method of Jacobs,‘ for the determination of oxides of nitrogen by a 
method described by Jacobs,* and for ozone, the amount of dust, and the presence 
and amount of ether-soluble aerosols by methods developed by the 406th Medical 
General Laboratory in Tokyo, Japan. 


From the data listed below, summarized from Figure 3, there appears to be a 
correlation between the incidence of this respiratory disease entity, the concentra- 
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Fig. 3.—Yokohama asthma, November and December, 1952. Comparison of daily case 
incidence with assays for dust and ether-soluble aerosols. 


tion of air contaminants, and the smog formation. However, of the air contaminants 


investigated, only the ether-soluble aerosols and dust appear to have significant cor 


relation with the incidence of this respiratory disease entity, 


Days of Smog 
Contaminant Smog-Free Days Formation 
Ether-soluble aerosols 0.011 mg./m.* 0.081 mg./m.* 
Dust index 1.0 3.8 
Sulfur dioxide 0.075 v/liter 0.17 v/liter 
Ozone 0.081 v/liter 0.17 v/liter 
Nitrogen oxides 0.26 v/liter 0.50 v/liter 


SUM MARY 
The clinical features are presented of a new environmental respiratory disease 
occurring in certain areas of Japan during the winter months among the United 
States military personnel. 
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From preliminary atmospheric data there appears to be a correlation between the 
incidence of this environmental respiratory disease entity, the concentration of air 
contaminants, and smog formations, 


Qf the air contaminants investigated, only the ether-soluble aerosols and dust 


appear to have significant correlation with the incidence of this respiratory entity. 


\dditional investigations will be required to corroborate the above suggested 
correlations. 


The Commanding Officers and the Staff of the 406th Medical General Laboratory in Tokyo, 
Japan, cooperated in making these studies. The Officers were Colonel Robert L. Hullinghorst, 
M.C., U.S. A. who assisted during the initial period of the investigations, and Colonel R. P. 
Mason, M.C., U. S. A., who assisted later. Without the assistance of the Medical Staff of the 
United States Army Hospital in Yokohama, Japan, these studies would not have heen possible. 
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TOXICITY OF THE OXIDES OF NITROGEN 


|. Introduction and Apparatus 


EDWARD LEB. GRAY, Ph.D. 
STANLEY B. GOLDBERG, B.A. 
AND 
FRANCIS M. PATTON, B.S. 
ARMY CHEMICAL CENTER, MD. 


HIILI there is considerable literature on the toxicity of the oxides of nitro- 
gen, there is little agreement among the workers in the field. lor example, 
the American Standards Association,' Cook? and the American Conference of 
Governmental Industrial Hygienists * give the maximum allowable concentra 
tions (MAC)* for nitrogen dioxide as 25 parts per million (ppm) by volume. 
Bowditch, Drinker, Drinker, Haggard, and Hamilton’ give 10 ppm, which is 
also the legal figure in Massachusetts.” Elkins ® has suggested that perhaps the 
MAC should be 5 ppm or lower. He also points out* that the MAC for nitrogen 
dioxide is frequently quoted as high as 40 ppm. 
Patty “ has stated that men under his observation showed no ill effects when 
exposed to oxides of nitrogen for six to eight hours a day for a period of 18 


months, at concentrations ranging from 5 to 30 ppm and averaging 10 to 20 ppm. 


On the other hand, Vigdortschik and associates" reported symptoms of chronic 
poisoning in men exposed for three to five years to a cencentration of nitrogen 
dioxide of about 2.5 ppm (0.005 mg. per liter), and Newman '" reported head- 
aches in humans exposed to 7.5 to 38.5 ppm while working with and near deep 
therapy x-ray machines, Finally, there is a report '' of a factory abandoned because 
the NOx content reached & to 14 ppm (0.014 to 0.025 mg. per liter). 

La Towsky and co-workers '* found at levels of 55 ppm, as NOs, death in five 
species of laboratory animals might occur after two to three hours of exposure. 
At 100 ppm, as NOs, the average time to produce death in the five species was 
5¥% hours; at 150 ppm, 14% hours; at 200 to 400 ppm, 44 to 1 hour; at 600 to 800 
ppm, 30 minutes, and at 1,000 ppm, 19 minutes. The oxides used in La Towsky’s 
study were generated from the interaction of copper and nitric acid. Lehmann and 
Hasegawa '* reported essentially the same values with exposures to “nitrous 
vapors.” 

Having exposed rats, mice, guinea pigs, and rabbits to the filtered fumes from 
a high-intensity welding arc, Tollman, MacQuiddy, and Schonberger '' reported 
that 10 out of 11 of these animals died after 22 hours’ exposure at an average con- 
centration of 126 ppm calculated as NO». One guinea pig survived. They con 


From the Chemical Corps Medical Laboratories. 
*A generally accepted definition is the average maximum concentration to which a worker 


can be exposed for eight hours daily for an indefinite period without incurring injury. 
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clude that “NOz inhaled in concentrations in excess of 100 ppm, four hours per 
day will in time lead to fatal results.” This work was not in agreement with earlier 
results in which they reported that the animals died after five and one-half hours’ 


NOs 

Temp., ©. P, Mm. Hg Temp., © P, Min. He 

20 y 21.3 760 

30 30 1,125 

40 1,733 

50 2,599 

6O 3,823 


Fig. 1.—Liquid-agent-dispersing bubbler. 


exposure to a concentration of NO, of 100 ppm. Harrold, Meek, and McCord ** 
have reported that the threshold of harmful concentrations of the oxides present in 
welding fumes lies above 70 ppm for prolonged exposures. 

The work reported in this series of papers was initially undertaken because of 
the wide use by the armed forces of nitric acid as an oxidizer. The acid has long 
found wide use in industry, and its hazardous nature is well known. Thus some 
definitive values for the toxicity of the oxides generated from its use were deemed 
essential. The work was originally done on red fuming nitric acid (RFNA), but 
later NO» was used; the reasons for this change will be outlined in succeeding 
articles. 


Because of the apparent conflict in the reported work as to the toxicity of the 
oxides of nitrogen, a rather detailed investigation was undertaken. Acute, sub- 
410 
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acute, and chronic exposures were made. [art of the work on subacute exposures 
has been reported,’® and further work is now in progress. 

During the course of experiments with RFNA, the problem of maintaining 
constant levels was encountered. This difficulty was due tu the difference in the 
vapor pressures of the two components of RFNA (HNOgs and NOs), whose 
vapor pressures are shown in Table 1. 

In the exposure chamber described by Silver,'’ concentrations are maintained 
by introducing vapors at a constant rate into the affluent air stream of the cham- 
ber. For dispersing liquids, the liquid-agent-dispersing bubbler of the type shown 


20 


10 


100 200 300 
Time in Minutes 


Fig. 2—Drop in NO: concentration in the chamber over a four-hour period using the liquid- 
agent-dispersing bubbler shown in Figure 1. 


in Figure 1 is generally used in the Chemical Corps Medical Laboratories. A 
stream of air or inert gas, such as nitrogen, is bubbled through the liquid, thus 
carrying the vapors into the affluent air stream of the chamber. The amount of 
agent vaporized depends on (a) the rate of flow of the gas through the agent, 
(b) the temperature of the liquid, and (c) the design of the bubbler. 


EXPERIMENTAL PROCEDURE 


For our experiments, conditions had to be maintained so that the ratio of NOv and HNOs, 
and hence their relative vapor concentrations, were constant. For this reason a fresh portion of 
the liquid had to be continuously exposed to a vaporizing air stream. 
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Fig. 3.—Schematic drawing of dispersion apparatus: 4, manifold; B, dispersion chamber ; 
C, exposure surface; D, trap; E, delivery tube; /’, constant level reservoir; G, constant level 
tube; /1-1, H-2, 11-3, stabilizers; /-1, [-2, 1-3, flowmeters. 


Fig. 4.—Final dispersion apparatus: 4, constant level tube; 2, delivery tube; C, dispersion 
chamber; D, outlet tube; /, inlet tube; A, drainage tube. 
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The bubbler shown in Figure 1, designed for pure compounds, proved unsatisfactory for 
agents having two components with different vapor pressures, as does RFN.A. In tests in which 
this bubbler was used experimentally for RFNA, a gradual loss of the component NOs, having 
the higher vapor pressure, and a corresponding decrease in the concentration of that component 
in the chamber were observed. For example, a bubbler containing RFNA was set up, with the 
outlet tube at the affluent opening of a chamber. The chamber air flow and the dispersing air flow 
were held constant. The NOs concentration of the chamber was determined over a four-hour 
period by the Patty-Petty method of analysis.'* The curve in Figure 2 shows the drop in the 
NO, concentration in the chamber during the four hours. At the end of the run, the color of 


, the acid had changed from its characteristic dark brown to a light yellow, indicating that the 
residual liquid contained little NOs. 
Another apparatus, using the principle of supplying a fresh portion of agent to a vaporizing 


air stream, was designed for a group of four exposure chambers.'” This apparatus consisted of 
a power-driven syringe, which delivered a fresh supply of the agent at a constant rate to a mixing 
chamber, where it was vaporized and swept away by a stream of air. However, this method of 
introducing the agent into the air stream was not satisfactory, owing to difficulties encountered 
in refilling the syringe. 


Tasie 2.—Stability of NOs Concentration in Exposure Chamber Using the New 
Dispersion Apparatus 


NOs» Cone. of 


NOs Cone. of 


Chamber, Chamber, 
Time, Min M.* Time, Min. Me./M.* 
30 7.3 15 8.3 
7.3 30 11.8 
7.3 60 7.3 
7.7 73 
7.3 7.4 
7.3 Iso 


A gravity-feed device was substituted for the syringe method of supplying the RFNA to the 
air stream. This apparatus (Fig. 3) consisted of a constant level reservoir (/°), a dispersing 
chamber (8), an exposure surface in the dispersing chamber (C), and a trap (D). The RFNA 
flowed from the reservoir into the dispersing chamber at a constant rate, controlled by a fine 
capillary in the constant level tube. In the dispersing chamber the agent passed over a glass woo! 
surface, which created a larger surface area. A stream of air dried over sulfuric acid and 
Drierite was passed over the glass wool surface on which the agent was dispersed and carried 
the vapors to a manifold with outlets to each of the four chambers. Stabilizers in the manifold 
outlets regulated the flow to each chamber. This apparatus proved successful when the concen 
tration was kept at one level throughout the entire experiment. A later set-up (Fig. 4), using the 
same principle, permitted a wider range of uses than this design. 

This apparatus has been set up so that the outlet tube (/)), on the dispersion chamber (C ), 
is directed into the affluent air stream of the exposure chamber. The stopcocks on the constant 
level tube (4) and the delivery tube (B) are opened. All other stopeocks are closed. Enough 
time is allowed for the flow of the agent to become constant. This can be determined by the 
. appearance of bubbles at the bottom of the constant level tube. Stopcock E is opened, and the 
dispersing air is adjusted to the desired flow with a flowmeter. The system is drained by means 
of stopcock R on the bottom of the trap. 


RESULTS 


The stability of the vapor concentration of the chamber was estimated. Since 
if the level of one component remained constant the level of the other would also 
remain constant, it was necessary only to determine the concentrations of one 
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component, NO,. Table 2 shows the constancy at which concentrations of the 
NOs vapors were maintained. The flow rate of the dispersing air was varied over 
a wide range, and the NO , concentration of the chamber was analyzed for each 
rate. The relation of the flow of the dispersing air to the amount of vapor swept 
from the dispersing chamber is shown in the curves in Figures 5 and 6. The bore 
of the capillary to be used is determined by the range of concentration desired. 
These curves represent only nominal values, and for more precise settings, minor 
adjustments have to be made either in the chamber air-flow rate or in the dis- 
persing air-flow rate. 


¢ 
i 


° a 1000 1500 
Dispersing Air Flow Rote in cc/min. 


Fig. 5.—Relation between chamber concentration and dispersing air flow, with use of 0.3 mm 
capillary to control RFNA flow. 


It might be well to describe at this point certain safety measures taken for the 
protection of the operating personnel. Although the dispersion apparatus was made 
reasonably tight, a certain amount of gas escaped. To insure against toxic con- 
centrations from this leakage and from possible breakage of the dispersion appa- 
ratus, which was made of glass (Fig. 4), a wooden box was built around the entire 
unit. This box had its own exhaust blower and served as a hood, effectively remov- 
ing traces of NO». Doors and windows were put in this box so that there was com- 
plete access to the chambers both visual and mechanical. The hood not only served 
the purpose originally intended but also was found useful for mounting accessory 
apparatus because of its wooden construction, This is shown in Figure 7. 
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COMMENT 


The concentration of vapor that is swept out of the present type of dispersion 
apparatus (Fig. 4) depends upon the rate at which the agent flows across the 
exposure surface. A comparison of Figures 5 and 6 shows that the greater the 
flow of acid over the exposure surface, the greater is the concentration of NO, 
in the chamber for any given rate of flow of the dispersing air. Therefore, the rate 
of flow of the liquid agent must be constant in order to maintain a constant level 
of vapors in the chamber. 


t 
z 


° 1000 2000 3000 
Oispersing Alr Flow Rate in cc/min, 


Fig. 6.—Relation between chamber concentration and dispersing air flow, with use of 0.5 mm. 
capillary to control RF NA flow. 

In the original design, the rate of flow of the agent was affected by the develop- 
ment of pressure in the dispersion chamber. This was due to the resistance of 
the stabilizers and flowmeters on the effluent side of the dispersion chamber. The 
developed pressure resisted the flow of the agent, and any variation in this pres- 
sure changed the rate of flow and consequently the concentration of the vapors. 
In addition, changes in ambient temperature seriously affected the pressure in the 
dispersing chamber and caused the large variations in the concentrations of vapors 
in the exposure chamber. In the present design, resistance to flow was eliminated 
by removing the stabilizer and flowmeter which caused it. 
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In the usual inhalation toxicity study, the concentrations of the vapors must be 


constant throughout the experiment. The results presented in Figure 2 show that 


the bubbler-type dispersion apparatus cannot be used with RFN.\. The more rapid 


volatilization of the component, with the higher vapor pressure, continually lowers 
the concentration of that component in the chamber. The dispersion apparatus 


described in this paper permits vapor concentrations of all the components of red 
fuming nitric acid to be maintained in the exposure chamber with a relatively high 
degree of constancy. 


Fig. 7.—Protective hood enclosing exposure chambers. 


SUMMARY 

A new method for the dispersion of red fuming nitric acid (RIE NA) has been 
devised, making it possible to supply nitrogen dioxide vapors from RFNA at a 
constant and reproducible rate. In principle, the method consists of passing a 
slow stream of liquid RFNA through a current of air. In this way a fresh sample 
of liquid is always presented to the air stream, and each component is evaporated 
at a constant rate depending upon the individual vapor pressures. Variations in the 
rate of vaporization incident to the resistance caused by the effluent stream are 
eliminated by simply removing the stabilizer and flowmeter from the effluent stream 
of air. It is suggested that this technique is applicable to the vaporization of other 
materials possessing two or more components whose vapor pressures are signifi- 
cantly different. A hood has been described which encloses the chambers and dis- 
persing equipment and which is so designed that it not only does not hamper 
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chamber manipulations, visibility, and accessibility but also provides convenient 


mounting space for such accessory equipment as might be needed in the experiment. 
All materials required for the apparatus are readily obtainable. 
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Il. Acute Inhalation Toxicity of Nitrogen Dioxide, Red Fuming Nitric Acid, 
and White Fuming Nitric Acid 
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HIS PAPER deals with a series of acute exposures of male rats weighing 

200 to 300 gm. to the vapors of nitrogen dioxide (NOg), red fuming nitric 
acid (RFNA), and white fuming nitric acid (WFNA). As has been previously 
noted,’ this work was initially undertaken because of the wide use of nitric acid 
by the armed forces as an oxidizer. The acid has long found wide use in industry, 
and its hazardous nature is well known. Thus some definitive values for the toxicity 
of the oxides generated by it were deemed essential. 


Preliminary work has been reported elsewhere.’ This work indicated that 
the L. C.s9 for rats exposed to vapors of RFNA ‘for four hours was between 65 


and 75 ppm, as measured by the NOs content. Exposure of rats to NOg gave 
comparable results. These results were not in agreement with those reported in 
a status summary report from this installation,’ obtained from saturation and sub- 
saturation vapor tests using RFNA and WFNA as the sources of the oxides. The 
status summary indicated an L. C.s59 for rats of about 400 ppm (0.8 mg. per liter) 
for a four-hour exposure. The reason for this discrepancy was sought. 


EXPERIMENTAL PROCEDURE 


The RFNA and WENA used in this study were obtained from the Naval Powder Factory 
at Indian Head, Md. The RFNA contained from 8 to 17% NOs, and the WFNA contained from 
0.1 to 0.4% NOs The NO:, obtained from the Mathieson Company, was of commercial grade, 
with a purity of 98.0%. 

The vapors were introduced into the affluent air stream of 400-liter dynamic exposure 
chambers. The chambers and dispersion apparatus have been described in a previous report.? 
In the study of WFNA, the 400-liter chambers could not be used, as it was difficult to maintain 
the desired vapor concentrations in them. This difficulty, due to the low concentration of NO; 
(0.1 to 0.4%) of the WFNA, made it necessary to use a small glass chamber of 20-liter capacity. 

The analytical method used throughout this series in determining the NO. content was the 
field method of Patty and Petty.4 This method is based on the diazotization of sulfanilic acid 
by NO:, which is then coupled with alpha-naphthylamine, with resultant color formation. The 
method of Shinn 5 was used as a check, the agreement of the two methods being about + 5%. 
The phenoldisulfonic acid method® was used periodically for total nitrate determinations, but 
it did not prove very satisfactory in our hands. 


From the Chemical Corps Medical Laboratories. 
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Albino rats weighing from 200 to 300 gm. were exposed in groups of 10 to the NO, and 
RFNA vapors, but only 5 rats at a time could be used in the WENA experiments, owing to 
the size of the chamber. The L. C.so was determined for each of the exposure times. The effect 
of ambient temperature on NQ, toxicity was shown by a series of exposures to NO, at 100 to 
105 F. The results were compared with similar experiments at room temperature. 


TABLE 1.—+Alcute L:xposure of Male Rats to NO, 


L. C.587 L. Ct.se 
Exposure (19, 20 Confidence (19 20 Confidence 
No. of Runs Time, Min Limits), Ppm NOs Limits), Ppm NOe—Min 
30 174 (154-197) 5,220 (4,620-5,910) 
Oo 168 (153-185) 10,080 (9,180-11,100) 
240 88 (79-90) 21,120 (18,960-23,760) 
* No confidence limits 
1600} 
0.609 
100 120 140 160 180 200 220 240 
Exposure Time in Minutes 


Fig. 1.—Relationship of L. C.«’s (ppm) to exposure time (minutes) for male rats exposed 
to N¢ Va. 


RESULTS 

The results of exposure of male rats to NO» are summarized in Table 1. The 
relation between the L. C.59’s, in ppm, and the exposure time, in minutes, is shown 
in Figure 1. Figure 2 shows the relationship between the L. Ct.s9's and the exposure 
time. The results at two and at five minutes are only approximations, because the 
chambers were not designed for crash concentrations. Since the Ct curve becomes 
asymptotic with exposure times of less than 10 minutes, as can be seen in Figure 1, 
these results are of sufficient accuracy to make predictions of toxicity in this region 
The L. C.s0’s observed after exposure of male rats to RFNA and WFNA are 
given in Table 2. Deaths occurring from exposure to WFNA were much less 
predictable than those due to RFNA or NO». For this reason confidence limits 
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could not be established. The low concentration of NOs, and thus the very high 
concentration of HTNOs necessary to produce lethality, played some role in this 
pattern, which was irregular as compared with the other two agents. 

In this connection burns were observed in the hairless parts. while the hair 
itself was discolored because of the high concentration of HNO. Deaths, when 
they did occur, were, as in the case of RF NA and NOs, due to pulmonary edema. 


ct= 205113! 


LC150l ppm NO2 


Exposure Time (1) in Minutes 


Fig. 2.—Relationship of L. Ct.w’s (ppm per minute) to exposure time (minutes) for male 
rats exposed to NOs vapor. 


Taste 2.—Acute Exposure of Male Rats to Nitrie Acid 
Body Weight, 200-300 Gm, 


Exposure L. C.so (19/20 
No. of Time, Confidence Limits), 

Runs Min Ppim as NOg 

Red fuming 138 (123-155) 
White fuming 


O7 (64-70) 


30 244 (None) 


PasLe 3.—Lffect of Increased Temperature on Thirty-Minute Exposure of Male Rats to NO 


L. C.so (19/0 
No. of Confidence 
‘Temperature Runs Limits), Ppm NO» 
Room temperature ...... ; 10 174 (154-197) 
20 degree (F.) increase 7 139 (131-147) 


The etfect of temperature on NQOz toxicity is summarized in Table 3. The 
increase of 20 degrees (F.) in temperature shows a 25% increase in toxicity. 

Furthermore, the dose response curves for the NOs and the 30-minute RFNA 
exposures are statistically parallel, as shown in Figure 3. This indicates that the 
mode of action of the two gases is similar. The slope of the 240-minute RFNA 
exposure curve is not statistically parallel to the other curves, suggesting a different 
mode of action for 240-minute RFNA exposures than for 30-minute REFN A expos 
ures and for exposures to NO. regardless of time. 
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OXIDES 


COMMENT 


Deaths resulting from acute exposure of male rats .to NO, or RF NA occurred 
in a predictable pattern. The vapors of RFNA are approximately 25% more toxic 
than this difference is barely statistically significant but from practical 
point of view is probably not of any moment. The increase is very likely due to 
the effect of the nitric acid content of the vapors of RFNA. Nitric acid vapors 
free from NOs, while not lethal in bearable concentrations, are a pulmonary irritant. 

In the series of exposure to WF NA, deaths were not predictable, and the approxi- 
mate I.. C.59 indicated that the toxicity was much less than that of RFNA or NOg. 


RENA 
+——+ NOg (20°F increase in temp.) 


Conc. NOg 


Fig. 3.—Dose response curves of male rats to vapors of NO. and RF NA at various exposure 
times. 


Although deaths did occur with exposure to WENA, the principal effect was acid 
° burns not evident with the animals exposed to RFNA or NOs. This leads to the 
tentative conclusion that the primary toxic constituent of these oxides is NOx, and 
that the acid content of the vapors plays a very secondary role, possibly predisposing 
. the lung tissues to the action of NOv. 

Of the 120 deaths resulting from the 30-minute exposure to NOs, 95% occurred 
within the first 24 hours after exposure, 3% during the next 24 hours, and the 
remaining 2% before the end of the 72-hour period of observation. Death in all 
cases was due to pulmonary edema. The pathological observations have already 
been reported in part,* and a complete discussion will follow in a subsequent article. 


* References 2 and 8. 
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During the course of this investigation, it became evident that there was an 
appreciable variation in the response of rats which were housed and cared for in 
the same manner but were obtained from different sources. For example, rats 
from two different sources were used in the series of 60-minute exposure. On 
treating the results from each group separately, there was a difference in the L. C.5o 
of 40 ppm. In Figure 3 the value given for the 60-minute exposure is derived 
from the statistical treatment of the composite results of the two groups. The value 


for the 30-minute exposure is probably low, rats from several sources having been 
tested before the significance of this variable was appreciated. 


SUM MARY 

Rats were exposed to the vapors of NOx, red fuming nitric acid (RF NA), and 
white fuming nitric acid (WENA) from two minutes to four hours. A dose-time 
relationship is presented, 

The data obtained from male albino rats exposed to RENA, WENA, and NO. 
vapors indicate that the primary toxic constituent of the acids is NO»; under con- 
ditions of the experiments, the acid vapors added a small, and probably insignificant, 
toxicity to the NOs vapors. 

A rise in the ambient temperature of about 20 degrees (F.) increased the 
toxicity of NO, to male rats by about 25%. 

Data obtained in the study suggest that there may be an appreciable strain 
variation in rats in response to the toxic action of NOs. 

Death in all cases appeared to be due to pulmonary edema. 

The L. C.s59 for exposure of male albino rats to NO» vapors for 30 and 240 
minutes is 138 and 67 ppm, respectively. 
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TOXICITY OF THE OXIDES OF NITROGEN 


Ill. Effect of Chronic Exposure to Low Concentrations of Vapors from Red Fuming Nitric Acid 


EDWARD LEB. GRAY, Ph.D. 


STANLEY B. GOLDBERG, B.A. 
AND 
FRANCIS M. PATTON, BS. 
ARMY CHEMICAL CENTER, MD. 


A HAS been pointed out in the first paper of this series,’ the toxicity of the 
oxides of nitrogen has presented a confused picture, with recommended max- 
imum allowable concentrations of the oxides ranging from 10 to 25 ppm. It has 
been shown in this laboratory * that the exposure of animals four hours a day, five 
days a week for six weeks at a level of from 9 to 14 ppm of NOs produces lung 
pathology. 

As a result of this finding, a lower concentration, specifically 5 ppm, was cited 
as a probable upper limit of safety for NOs, and experiments were set up to test 
this belief by exposing animals for a period of six months to vapors containing the 
oxides of nitrogen at a concentration slightly less than the aforementioned figure. 


EXPERIMENTAL PROCEDURE 


The red fuming nitric acid (RFNA) used in this experiment was a commercial grade with 
an initial concentration of 8.0% NQO., which had increased to 17% by the end of the experiment. 
This decomposition of the HNO, to form NOs has occurred in all samples of fuming nitric acid 
which were used. 


The analyses were as follows 


Start ol After One After Seven 
Experiment Month Months 
% 79 17.0 


The nitric acid (RFNA) was vaporized by running the acid slowly past an air stream, 


so that a fresh supply of acid was always available. The exact method of dispersal has already 
pply 


been described.’ From the dispersion unit the vapors were led into 500-liter dynamic gassing 


r chambers. There were four such chambers, as shown in the Figure. The air flow, as well as the 
toxic vapor flow, could he controlled so that the desired concentration could be maintained 
with fair precision. Samples of air were taken at hourly intervals throughout the run and 

m analyzed for NO» by the method of Patty and Petty 


Male animals of three species, mice, rats, and guinea pigs, were exposed four hours a day, 
five days a week for approximately six months to the vapors of RFENA. Table 1 summarizes 
the analytical data. 

The technical difficulties of maintaining a constant level of agent in the chambers, although 
great at the start, were overcome so that the concentrations were maintained with a considerable 
degree of precision throughout most of the exposure. The steps involved have been reported 
in detail in Medical Laboratories Research Report 140 


From the Chemical Corps Medical Laboratories 
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Gassing chamber unit 


Taste 1—Analytical Data 


Concentration as 
NOz, Ppm 
Total An 
Exposure, Standard 
Experimental Animals Hr. Average Range Deviation 
Rats, Group I 472 8.75 1.0-18.1 2.18 
Mice ay 04-13.7 
Guinea pigs 1.0-30.3 3.32 


TABLE 2.—Autopsy Data 


No. Autopsied 
No. at 
Start of During At 
Expt. Expt. Completion 


Experimental Animals 
21 
15 


Is 
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TOXICITY OF NITROGEN OXIDES 
Approximately two animals from each group were autopsied monthly, together with controls. 


All animals remaining at the completion of the experiments were autopsied. The autopsy 
data are summarized in Table 2. 


RESULTS 

There was no evidence of pathology attributable to the exposure of these animals 

to the vapors of RF NA. The experiment was carried out in part during the winter 

months and some pneumonia was encountered, but the incidence did not vary sig- 

P nificantly from that encountered in the control animals, with the exception of 

Group II. As it has been reported that pneumonia is often a sequela to NOs 

intoxication due to inhalation, this group of rats was exposed during the last two 
months of the experiment. Table 3 gives a summary of the results. 

The score in controls is significantly greater than the score of the-exposed rats, 

<P O01. 
These results show that the decrease in the lung pathology of the exposed animals 
was statistically significant, or, expressed differently, such concentrations of NO, 


TaBLe 3.—Degree of Pulmonary Congestion 


No. of Rats 


Observed 
Exposed 
Seore Controls to RFNA 
(Xx) (f 1) 2) 
Intermediate congestion ............ Baca 2 3 8 
Severe congestion, without pneumonia..... 3 8 2 
Severe congestion, with pneumonia....... : 4 15 1 
Average score sum 1.99 0.84 
Congestion index = (average score/4) 48% 21% 


produced a significant prophylactic effect. If this effect was present in the groups 
exposed for longer duration, it was overlooked, possibly because pneumonia did not 
appear to be a consideration until the experiment was well under way. 


SUMMARY 

Rats, mice, and guinea pigs exposed four hours daily, five days a week for six 
months to 4 ppm of vapors from red fuming nitric acid exhibited no toxic effects. 
Because of this, and because of work previously reported * which showed that 9 
and 14 ppm of NOs produced lung pathology under similar experimental condi- 
tions, it is felt that the MAC of the oxides of nitrogen should be set at 5 ppm. 
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Scientific Exhibits 


ACCIDENT SYNDROME—A CLINICAL APPROACH 


Intensive Twenty-Year Study of 35,000 Consecutive Accidental Injuries 


MORRIS S. SCHULZINGER, M.D. 
CINCINNATI 


| phones of 35,000 consecutive accidental injury records studied in private 
practice over a period of 20 years, along with the rich literature devoted to 
the genesis of accidental injury, yield the tangibility that accident causation is asso- 
ciated with a syndrome.' Foremost in the tabulation of findings and conclusions 
that follow is the observation that the circumstances attending the causation of an 
accident, with or without injury, lend themselves to the formulation of a syndrome 
with several components, chief of which is the mental maladjustment of the accident 
victim, temporary or prolonged, to his environment. 

The accident syndrome may be described as a constellation of frequently recurring 
signs, symptoms, and circumstances which together determine or influence the occur- 
rence of an accident. In the literature, accident causation is attributed to some 250 
factors or “causes.” ' Many of these factors are of minor or doubtful importance, 
and their very profusion delimits their usefulness. This vast array of accident factors 
could perhaps be reduced to advantage into five multipotent groups: (1) dynamic ; 
(2) environmental; (3) life-experiential; (4) characterologic, and (5) temporal. 
For the purpose of formulating the most frequently recurring accident factors into a 
meaningful syndrome, the following grouping was considered essential: (1) uni- 
versal risk; (2) abnormal physical environment ; (3) maladjustment and irresponsi- 
bility; (4) a trigger episode, and (5) behavior in the presence of the trigger. 

The component parts of the accident syndrome are not always well delineated. 
“Universal risk,” in the main, represents the ever-present dangers in nature, the 
elements and chance, while “abnormal physical environment” largely includes man- 
made hazards. The dangers inherent in “universal risk” are usually of equal liability, 
while those related to “abnormal physical environment” are frequently selective, on 
the basis of occupation or type of activity. 


(Turn to Page 429) 
Shown as a Scientific Exhibit of the Section on Preventive and Industrial Medicine and 


Public Health at the 103rd Annual Meeting of the American Medical Association, San Fran- 
cisco, June 21-25, 1954. 
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ACCIDENT SYNDROME—A CLINICAL APPROACH 
Primarily, accidents are an affliction of youth. 
The age of 21 is the peak year for accidents. 
Fifty per cent occur before the age of 25. 
- Foremostly, accidents occur during the summer months. 
The low incidence is in February. 
‘s Peak hours for nonindustrial accidents : 
Under age 15 years, 5 p. m. 
15 to 40 years, 10-11 p. m. 
Industrial peak hours: 10 a. m. and 3 p. m. 


Irresponsible maladjusted persons (8) have a significantly higher incidence of accidents than 
normally adjusted individuals (A). 


Accident frequency significantly is higher in males than females. This is true for every year 
of the normal life span except the first. 


Repeated accidents reach a peak of incidence at the age of 5 to 9 years. 
Accident peak hours vary with age and sex. 


True “accident proneness” is a rarity. Most accidents (74%) are infrequent solitary experi- 
ences of large numbers of individuals (86% ). 

All accidents conform to a pattern—the accident syndrome. 

The incidence of accidents follows a relatively fixed annual cyclical pattern of distribution, 


increasing steadily from a low in February to a high in June and August. 


Children under the age of 15 have the most nearly perfect annual cyclical pattern of dis- 
tribution of accidents. 


They also have the widest range of difference between the high of summer and the low of 


winter, the reverse being true at the opposite extreme of life. 
The incidence of accidents at its low in February is identical for both sexes and all age groups. 


The incidence of nonindustrial accidents follows a diurnal cyclical pattern of distribution, 


increasing from a low at 5 a. m. to a peak at 5 p. m 
. Girls have their lowest incidence of accidents at the age of 13, and boys at the age of 11. 
The pericd of highest incidence of accidents begins at 17 years of age and is virtually over at 28. 


The ratio of male to female accidents is in the proportion of 2 to 1, while repeated accidents 


are extremely rare in females. 


Those treated for accidents during every year of three consecutive years (3.5% +) account 


for a relatively small proportion (0.5% +) of nonindustrial accidents. 


The “accident prones” are essentially a shifting group, with new persons constantly falling in 


and out of the group. 


427 


MuitiPLe NON-INDUST 
ACCIDENTS 


1.008 


4 
4 
4 
200 
260 
er 200 / 200 
160 \ \ med 
3 


abnormal 
environment 


Clinica! 


Approach 


It is often reported that in 80 to 90% of all accidents human causative factors 
are clearly discernible. It should perhaps be added that in most accidents there is 
some form of maladjustment of the individual to his environment—physiological or 
psychological maladjustment, temporary or prolonged.* 

There is a trigger episode in every accident, usually referred to as the “cause” 
of the accident. The trigger may be a fleeting loss of balance, a rash decision, a 
miscalculated act, a driver on the wrong side of the road, a wet pavement, ete. 
The trigger episode may be an integral part of the abnormal environment or of the 
human element. The trigger may be distinguished by its accelerated dynamics and 
its intimate relationship to the final phase of the accident. 

Sehavior in the presence of the trigger is often a deciding factor in accident 
causation. The pattern of behavior of the individual, when confronted with a sudden 
decision or danger, will frequently determine whether the forces set in motion will 
result in a near-miss or in an accident. 

The role of chance in accident causation is often perplexing and needs some 
elucidation. A pedestrian struck by a flowerpot, falling from a ledge of a window, 
is said to be the victim of a chance accident; yet the person who placed the pot in 
such a manner as to make the accident possible may have been guilty of bad judg- 
ment, distraction, negligence, or worse. Similarly, in an accident of a public vehicle, 


* References 1 and 7. 
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the passengers are considered to be the victims of a chance accident, while the acci- 
dent itself usually is the result of a failure of the human element in those who con- 
structed, serviced, or piloted the vehicle. Thus, even seemingly chance accidents 
frequently have a preventable human causative factor. 

An accident need not necessarily result in injury. Yet, from a prophylactic point 
of view, it is the accident, with or without injury, which obviously needs to be our 
primary concern. 


The accident syndrome is not entirely the usual medical recurrence of signs and 
symptoms, although medical signs and symptoms are involved. Instead, it is a 
syndrome in the larger sense of any frequently recurring items in a series. In this 
larger sense, the genesis of accidents is revealed as a series of detectable recurrences 
that pave the way for the prediction of accident probability whenever the essential 
elements of the syndrome are encountered. ' 


Some of these detectable recurrences have been discussed elsewhere.’ The charts 


and epitomized conclusions which follow demonstrate some of the more important 


factors in the accident syndrome. In addition to their predictive value, these studies 


should serve as important aids in pinpointing significant areas for accident pre- 
vention and research. 
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ACCIDENT SYNDROME—A CLINICAL APPROACH 
CONTINUED 


ia 


The tendency to have accidents is a, phenomenon that usually passes with age and is not a 
fixed trait of the individual. 


Accident repeaters in one period tend to regress toward the average of the group in another 
period.® 


In normally adjusted persons, repeated accidents occur at a low and even rate through the 
age of 50 and then decrease steadily with increment in age. 


In maladjusted families, repeated accidents reach a high peak at the very early age of 5 to 9 
years. 


Susceptibility to accidents, like susceptibility to illness, appears to be a problem in general 
morbidity. 


Individuals may be said to vary in their degree of susceptibility (or proneness) to accidents 
rather than in the presence or absence of proneness. 


Repeated accidents frequently occur during identical hours (or days), especially in persons 
with a recorded history of three or more accidents. Such hours are often of special significance to 
the individual. 


Accidents often occur in chain fashion, as if one accident acted as a trigger mechanism for 


another accident or series of accidents in the individual or the group. 


Accidents are more likely to occur when the individual is under physiological or psychological 
stress or strain. 


Exposure to injury, violence, domestic strife, overauthoritative parents or parent figures, and 


the loss of parents are prominent elements in the histories of accident repeaters. 


Forty per cent of patients with recurrent accidents worked in fields unsuitable for their 
emotional constitution.® 


An accident is almost certain to occur in a young man, aged 21, having a maladjusted back- 
ground, driving at high speed under emotional strain on a congested highway during a holiday 
on a hot and humid summer day. 


One-fifth of the total population are directly or indirectly affected by accidents annually. 


Only about 10% of the remaining accident problem can, at best, be affected through the con- 
trol of environmental exposures (safety). 


Not more than 15% of total accidents arise purely from fortuity. 


Nearly all causative factors of accidents ultimately relate to human factors. 


Some predisposing factors: aggression, anxiety, boredom, discontent, excitement, frustra- 
tion, grief, guilt, hostility, fear, indecision, lonesomeness, obsessions, preoccupation, rashness, ete. 


When the wound is dressed but the person neglected, there is more likely to occur traumatic 
neurosis or another accident. 


A golden opportunity for psychological diagnosis is thus unrecognized, while the patient 
cheerfully unburdens himself to the nurse or attendant. 


The syndrome concept may serve to reorient physicians to a more serious consideration of 
the causes and prevention of accidents per se, and away from sole preoccupation with only one 
of the sequelae of accidents—the injury. 


432 


j 


SCIENTIFIC EXHIBIT 


REFERENCES 
1. Schulzinger, M. S.: The Accident Syndrome—A Clinical Approach, A. M. A. Arch. 
Indust. Hyg., to be published. 
2. Schulzinger, M. S.: Accident Proneness, indust. Med. 23:151 (April) 1954. ’ 
3. Schulzinger, M. S.: Accident Proneness, Nat. Safety News 69:32 (June) 1954. 


4. Schulzinger, M. S.: The Incidence of Accidents in Relation to the Annual Cycle, Indust. 
Med. 22:49 (Feb.) 1953. 


5. Vernon, H. M.: Accidents and Their Prevention, New York, The Macmillan Company, 
1936, pp. 54, 75-78, 82-84. 


6. Cobb, P. W.: The Limit of Usefulness of Accident Rate as a Measure of Accident Prone- 
ness, J. Appl. Psychol. 24:154, 1940. 


7. Dunbar, H. F.: Psychosomatic Diagnosis, New York, Paul B. Hoeber, Ine., Medical 
Book Dept. of Harper & Brothers, 1943. 


8. Csillag, I., and Hedri, E., Jr.: Personal Factors of Accident Proneness, Indust. Med. 
18:29 (Jan.) 1949. 


9. Accident Facts, Chicago, National Safety Council, Inc., published annually. 


Abstracts from Current Literature 


General 


Report oF H. M. Curer Inspector or Mines Unver tHe Coat Mines Act, 1911, FOR THE 


Year 1951. H. C. W. Roserts, Ministry of Fuel and Power, Her Majesty's Stationery 
Office, 1953. 


During the year, 234,400 persons out of the 726,000 employed in mines sustained accidents 
which disabled them for more than three days; 487 persons were killed and 1,942 were seriously 
injured, Of the fatalities, 39 occurred on the surface and 448 underground. Falls of ground 
accounted for 198 deaths, explosions for 100, and haulage accidents for 88. The remainder 
were due to accidents in shafts or to other causes. 

There is considerable technical discussion of methods for the support of workings and for 
otherwise preventing accidents through falls of ground. 

Thirty-four explosions occurred, including 21 which caused no personal injury, and there was 
one major disaster at Easington Colliery in County Durham, in which 81 persons were killed. 
Some explosions were caused by shot firing, some by sparks from coal-cutter picks, and others 
by clear failure to comply with regulations. At least three explosions in which men were injured 
and one killed were due to illegal smoking, and two other explosions were caused by failure to 
cbserve ventilation regulations. 

Fifteen fires occurred underground at belt conveyors—all due to frictional heating. This 
position is regarded as disturbing. An alarming type of fire occurred at a scraper loader; 16 
fires were caused by electricity, including 6 at armored cables, and 3 occurred at inby com- 
pressors; 3 fires were caused by illegal smoking and naked lights. A committee is studying the 
causes of fires at mines and the precautions necessary to reduce the hazard. 

Although haulage accidents are still numerous, they were about 10% fewer in the year 
under review than in the previous year. But many of these accidents are of a type which could 
easily be avoided. 

Noteworthy efforts are being made to prevent or suppress air-borne dust. Taking all coal 
mines in Great Britain, there are 714,000 yd. of coal face being worked. On 335,000 yd. it is 
considered that dust suppressive measures are necessary, and such measures—water infusion, 
wet cutting, or spraying—were being applied on over 247,000 yd. in 1951, the year under review, 
as compared with 189,000 yd. in the previous year. In the Southwestern Division, which includes 
the anthracite field, roughly 98% of the faces requiring suppressive treatment were being so 
treated. 

It is generally agreed that the ordinary dry pneumatic pick can produce excessive concentra- 
tions of air-borne dust, but the design of a wet pick acceptable to miners is difficult, and the 
position is still unsatisfactory. Of over 6,000 picks in the Southwestern Division, only 824 were 
fitted to use water for dust suppression, and in the Northeastern Division only 3 of the 3,000 
in use were so equipped. Of the power-driven drilling machines for boring in stone used in the 
Southwestern Division, over 90% were fitted with a water feed for dust suppression, but in the 
other coal fields the proportions so equipped were far lower. Again, in the Southwestern 
Division, at 73% of the conveyor transfer and loading points there were sprays or dust extractors, 
but over the rest of the coal fields only about 40% were so provided. 

By the end of 1951 the National Coal Board employed 46 full-time physicians, and further 
appointments were being considered. Advances have been made in the provision of first-aid 
facilities underground. Selected first-aid men are authorized to administer morphine to the 
injured, and 869 mines come within the scheme. 

During the two years 1950 and 1951, 1,135 men were awarded compensation for pneumo- 
coniosis under the Workmen’s Compensation Acts, and 6,782 under the Industrial Injuries 
Schemes. Of the latter number, 45% were awarded disablement assessments of 10% or less; 
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41% were assessed as 20 to 40% disabled, and in the remaining 14% the disability was assessed 
at 50% or more. About half the men diagnosed as pneumoconiotic continued: working in the 
mines. 


Seven fatal and six nonfatal cases of spy ochetal jaundice were reported during the year. 


Beprorp 


ANNUAL REporT oF THE OF FAcToRIES FOR THE YEAR 1951. G. P. 
Barnett, Ministry of Labour and National Service, Her Majesty's Stationery Office, 1953. 


By way of introduction to this report, the Chief Inspector of Factories reviews the changes 
that have taken place in the industrial picture, insofar as safety, health, and welfare are con- 
cerned, since the passing of the great consolidating Factory and Workshop Act in 1901. Remark- 
able changes have taken place over the period of 50 years. 

The impact of new industrial developments on safety is discussed. There is continued 
progress in the fencing of machinery. A notoriously dangerous machine is the circular saw, 
but a new type of blade for this machine is claimed to be much less liable to cause accidents as 
well as to be more efficient than the blades in common use. Modern load-raising devices, when 
used on tubular scaffolding, may result in overloading and consequent collapse of the scaffolding. 
Manufacturers are cooperating in a campaign to avoid such accidents. There is a tendency to use 
photoelectric devices for guarding dangerous parts of some machines which have long been 
effectively guarded by mechanical means. Not all of these new devices have been satisfactory. 
The study of industrial accidents occurring at machinery continually shows that the causes are 
often machine faults which could have been prevented by regular maintenance; yet there is 
some evidence of an increasing realization of the importance of maintenance. 

In factories where x-rays are used for the examination of materials, there is a high standard 
of equipment, installation, and use. The personal film test is widely used, and the results con- 
firm the general absence of any serious cases of excessive exposure to radiation. The industrial 
use of radioisotopes for gamma radiography increases, and there have been negotiations for the 
manufacture of suitable protective source-carriers for 1 ¢. sources of Co®. When the normally 
permissable dosage rate of 12.5 mr. per hour is exceeded with such sources, the safe practice 
is to limit the time of handling and exposure so that, in total, an operative does not receive 
more than a maximum radiation dosage of 0.5 r. per week. 

Valuable work continues to be done by Joint Standing Committees and Joint Advisory Com- 
mittees for various industries. 

There were major reductions in the numbers of industrial accidents in machinery and 
engineering works, building, textile manufacture, and ship building. In metal founding and docks, 
accidents increased significantly. The continued rise in the number of accidents connected with 
transport is a matter for concern, and there is need for stricter discipline among drivers and 
users of vehicles. Eye accidents were 12% less numerous than in 1950, but the total is only 
slightly below the 1939 figure. 

Accidents to elderly people are discussed, and it is concluded that their distinctive feature is 
not that older people are more prone to injury than those in the prime of life but that the con- 
sequences of an accident to them tend to be more serious. 

Although there was a slight reduction in the accidents to young persons, there is yet need 
for better instruction, training, and supervision. Young people still incur substantially more than 
their fair share of machinery accidents. 

Sixty-four cases of lead poisoning (nonfatal) were reported. Of these, 14 occurred in smelting 
works, and 5 of them, which occurred at one factory after a gap of some years without a case, 
were attributed to the starting up of a rotary furnace for the recovery of lead from the flue dust. 
Nine other cases were associated with other contact with molten metal. There were 31 cases of 
anthrax, mostly among those exposed to wool, hides, or skins. Of 178 cases of epitheliomatous 
ulceration, 159 occurred in pitch and tar workers, and the others in workers in the oil industry. 
There were 203 cases of chrome ulceration as compared with 143 in 1950; of these 80 (36 in 1950) 
occurred in the manufacture of bichromates, and 111 (100 in 1950) in chromium plating. 

The early effects of the introduction of health and welfare regulations in connection with 


potteries, the building industry, and the blasting of castings are discussed. For some years much 
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attention has been devoted to health conditions in iron foundries, and recent developments are 
described; valuable progress has been made in connection with the dust problem. 


Various problems of ventilation, heating, and lighting are discussed, with some examples of 
attempts at their solution. 


Tuomas Beprorp [Butt. Hye.]. 


Physiology and Nutrition 


CONSUMPTION AND SELECTION OF Foop IN ComPETITIVE LumMBerR Work. M. J. KARVONEN 
and O. TurPEINEN, J. Appl. Physiol. 6:603 (April) 1954. 


During lumberjacks’ working competitions the amount of wood cut per day may amount to 
three times that cut by an average lumberjack. The question arises as to what extent these high 
production figures are achieved with the aid of energy expenditure exceeding that of a normal 
lumberjack or with ‘the aid of better and more economical working methods; other questions 
arise as to whether the calories required by the competitive work can be adequately covered by 
food intake or whether the high intensity of work leads to a loss of weight. A study was 
made of the consumption and selection of food during the Finnish National Woodcutting Com- 
petition in November, 1951. The competition lasted for four days. The mean caloric value of 
the food intake was 5,460 + 750 calories per day. The calorie intake was not significantly cor- 
related with the performance. During the competition there was an average weight loss of 
12+ 1.5 kg. The weight loss and the performance showed a positive correlation. The selected 
diet consisted of 46.6 + 4.0% carbohydrate, 41.6 + 3.3% fat, and 11.8 + 1.0% protein. 


On the whole, the figures obtained in the present study and those published for ordinary 
lumberman’s work are of similar magnitude, indicating that the competitors attained their high 
working performances essentially through methods more economical than those of the average 
lumberjack and not through a higher energy expenditure. 


The fat content of the diet of the competitors was exceptionally high, 42%, or 264 gm. The 
United States National Research Council recommends a fat intake equivalent to 30 to 35% of 
the total intake of calories for people using more than 3,000 calories per day. The high fat 
intake may be explained by the cold climate and the heavy work. The diet of the classes in 
Finland from which the majority of the competitors came is not characterized by a particularly 
high fat intake. It is evident that work was the main factor in the selection of a diet rich in fat; 
obviously a bulky meal would be an obstacle to the efficiency of a man such as a lumberjack 
who does heavy labor often in an uncomfortable position. 


The intake of fluid to replace the loss of sweat occurred to a great extent during the work 
itself. Empirically, many of the competitors had learned to use drinks combining the supply 
of water and calories. Warm milk fortified with liberal amounts of sugar was a favorite drink. 
In long distance ski running, the skiers also are advised to take milk with sugar at frequent 
intervals. This method agrees with the recommendations of recent physiological research for 
the continual replacement of water loss in dehydration and of carbohydrate in muscular work. 


Foop AND DRINKS FOR TEXTILE WorKERS DuRING THE Hor Season. 
Med. lavoro 45:277-285 (May) 1954. 


C. VIGLIANI, 


Alimentation of textile workers should be well balanced, and the amount of calories should 
correspond with sex, age, and type of job; rest periods during work should be long enough to 
allow the consumption of a normal meal and should be arranged so as to provide a physiological 
interruption of the work. 


In summertime, the atmospheric air of spinning and weaving rooms may be defined as 
“hot-damp”; workers perspire abundantly, thus giving off a great deal of water and sodium 
chloride. Their alimentation therefore must be rich in salt; hypochloridated diets may have 
dangerous results. The various types of drinks most suitable to quench the feeling of thirst 
following perspiration are under study, and it is concluded that workers should be supplied 
with water and sodium chloride in the form of effervescent drinks agreeable to the taste and 
well tolerated by the stomach; the addition of sodium chloride restores the hydrosaline balance, 
decreases the feeling of thirst, and has a favorable action on some disturbances caused by heat, 


such as cramps, weakness, and exhaustion. 
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Occupational Diseases and Hazards 


REHABILITATION IN INDUSTRIAL DERMATOSES. LLoyp M. Farner, A. M. A. Arch. Dermat. 
& Syph. 69:428 (April) 1954. 


Dr. Farner, with his years of expezience as Medical Administrative Consultant, Washington 

State Division of Occupational Rehabilitation, poses a great many questions as to the socio- 

economic aspects involved when a person becomes disabled with a skin disease. He stresses the 

importance of encouraging the more chronic cases to seek new work and thus avoid becoming 

F: a liability to society. To this end, greater coordination among dermatologists, insurance carriers, 

and plant medical departments is called for, and more widespread use of facilities of State 

Divisions of Vocational Rehabilitation. Attending dermatologists should make prompt referral 
to these State Divisions of patients who they believe cannot return to their jobs. 

An appeal is made to the conscience of the physician to make frank, utterly impartial reports 
as to whether a dermatosis is occupational or nonoccupational. Thus, the physician can help 
prevent industrial insurance from “becoming just a general health and accident insurance policy, 
operating under an assumed name, paid for by one segment of the population for the benefit of 
another segment.” Physicians who are seeing these problems daily are urged to take the lead 
in organizing “teams” composed of the medical profession, representatives of labor, management, 
and government, and insurance carriers for action along these lines. 

Farner believes that State Government should provide more machinery for preventing recur- 
rences of industrial dermatoses. Instead of the present system of Commission examinations and 
interpretation of medical results by salaried lay persons, he proposes a rotating panel of practicing 
physicians meeting regularly (not at luncheon sessions!) to consider industrial claims, their 
decisions to be accepted as final. 


GeorGeE E. Morris, M.D., Boston. 


Mires 1n INpustry. B. H. Bootn and R. W. Jones, A. M. A. Arch. Dermat. & Syph. 69:531 
(May) 1954. 


Booth and Jones believe that various forms of acariasis occur in the United States, mostly 
among persons whose occupations compel intimate contact with mite-infested materials, and in 
such persons a minor acarid eruption is probably not an uncommon occurrence. Such episodes 
are seldom reported; indeed, they are not too frequently seen by physicians, for the person’s past 
experience assures him that his dermatitis is limited. 

During the investigation of a grain itch epidemic, which involved more than 2,000 persons, 
the authors frequently were asked about other mites. They review the salient aspects of 
occupational dermatoses caused by mites. 

Dermatitis caused by the bite of the rat mite, Bdellonyssus bacoti Hirst, is not limited to one 
occupation, but those working in groceries, markets, and restaurants seem to be most frequently 
attacked. The primary lesions are either wheals or vesicles or both. 

Fowl mite dermatitis frequently appears as “small red bumps” or “itching hives” in persons 
who tend chickens. The exposed areas of the body are most frequently attacked, showing 
papules, urticarial wheals, and occasionally folliculitis. Although poultry raisers are most 
frequently attacked by fowl mite dermatitis, a case has been observed in which a pigeon nest 
outside a window was established as the source of mites. 


After commenting on dermatoses due to tyroglyphid mites, the authors say that probably the 
commonest occupational mite dermatitis in this country is that due to chiggers, or trombidiosis. 
Three species of the more than 300 trombiculid mites described and classified are responsible 

- for the majority of cases. Eutrombicula alfreddugesi and E. masoni have a fairly wide distribu- 
tion throughout most of the country, with the former having the more northern range. E. 
batatas is restricted chiefly to southeastern United States. Farmers, harvesters, hunters, and 
berry pickers of necessity are exposed most frequently to the more heavily infested type of 
terrain. Soldiers have been attacked often, the outbreaks being chiefly merely a nuisance. 

Varieties of Sarcoptes scabiei which are responsible for scabies of man and transferable to 
man from animals are listed. 

Grain itch and acarodermatitis urticarioides are the terms most frequently used to designate 
the eruption caused by the attack of Pyemotes (Pediculoides) ventricosus. This mite para- 
sitizes a broad range of insects, but its chief hosts are the Angoumois grain moth (Sitotroga 
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cerealella Olivier) and the wheat jointworm (Harmolita tritici Fitch). The life cycle of 
Pyemotes ventrocosus is explained in a diagram. The young female mites attack man. Away 
from the farm, grain itch may occur wherever straw is employed. Workers in strawboard 
factories were repeatedly attacked by mites during the 1950 and 1951 harvest seasons as 
infested straw was acquired; they were attacked to a slighter extent in the spring and early 
summer as straw was removed from stock. Despite the discomfort, only one man in the three 
factories ceased working as a result of grain itch. However, there was general unrest, and two 
men were sufficiently ill to miss work. 

The prophylaxis of grain itch by means of insect repellents is possible. During the last 
several years new repellents and toxicants for insects have been developed, which have been 
demonstrated to give effective protection against a number of insects, including chiggers. 


Diese. Encine Dermatitis Controt. R. PLUNKETT, Minnesota Med. 37:336 (May) 1954. 


Prior to the advent of the diesel locomotive the incidence of occupational dermatitis in the 
railroad industry was so low as to be a negligible factor. Extensive dieselization, however, was 
accompanied by a tremendous increase in the use of petroleum products and derivatives incidental 
to the operation and maintenance of the diesel locomotive. In cooperation with the Association 
of American Railroads, the petroleum producers, and the manufacturers of cleaners and solvents, 
the railroad industry launched a concerted drive to overcome this problem. 

It became apparent that the petroleum products and their derivatives used to fuel and lubricate 
diesel locomotives, the chromate compounds used in the cooling systems, and the carbon tetra- 
chloride solutions used in the cleaning of certain parts were all basic irritants. Attempts were 
made (1) to eliminate from use as many as possible of the irritants, (2) to provide protection 
against those irritants that could not be eliminated, (3) to improve the washing facilities and to 
provide proper cleansing agents at all facilities, and (4) to establish a program of educating 
employees to the practice of proper personal hygiene. Since the use of diesel fuel could not be 
eliminated, efforts were made to limit individual contact and to provide protective gloves, aprons, 
salves, and ointments for those most exposed to its handling. Tests were made to determine if 
less irritating water solvents than the chromates could be provided, with the result that the use 
of chromate solutions in the water system has been eliminated and a nonirritating, although a 
mechanically less effective, aluminum base preparation has been substituted. The use of carbon 
tetrachloride as a cleansing agent for parts was also eliminated. After tests aimed at finding an 
effective protective cream, it was disclosed that there was no one cream that would serve all; 
five different kinds of protective ointment are now provided to meet the needs of each worker. 

The most difficult part of the program was that of educating the men to the fact that carbon 
tetrachloride, paint thinner, or diesel oil itself were not the proper cleansers to use after a 
day's work. 

The fact that occupational dermatitis is decreasing indicates that the program has been effec- 
tive. Nevertheless, even one case of dermatitis represents a problem to the man afflicted. When the 
employee involved is a young man, it has usually been possible to change him to work that 
eliminates any exposure without affecting his earnings. However, with the older employees the 
problem is not so easily solved. 


Tumour OF THE URINARY BLADDER AS AN OCCUPATIONAL DISEASE IN THE RUBBER INDUSTRY 
In ENGLAND AND Wates. R. A. M. Case and M. E. Hosker, Brit. J. Prev. & Social 
Med. 8:39 (April) 1954. 


During investigations incidental to a survey of occupational tumors of the urinary bladder 
in men employed in a section of the British chemical industry, it was found that men engaged 
in the manufacture of a certain rubber antioxidant of the primary aromatic amine class, which 
was used in the rubber industry, had suffered heavy casualties from bladder tumors. 

The antioxidant, which was a formaldehyde condensation product of alpha-naphthylamine and 
beta-naphthylamine, contained a small proportion (about 2.5%) of uncombined naphthylamines, 
and pilot experiments showed that quantities of naphthylamines were vaporized during the pro- 
cessing of a rubber “mix.” In addition, the condensation process also led to the formation of 
1: 2:8: 9-dibenzacridine. This substance has been isolated from the antioxidant, and a highly 
purified synthetic specimen has been shown to be locally carcinogenic when injected subcu- 
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taneously into mice. Studies were made to obtain information about the following points: (1) 
whether there is an increased risk of tumor of the bladder in workmen engaged in rubber 
occupations compared with the total male population of England and Wales; (2) whether this 
risk persists in areas where the particular antioxidant under consideration is known to have been 
used, and (3) whether the risk, if it exists, has shown a temporal change, with 1935-1936 
as a pivotal point. 

In the concluding summary the authors stress the following points : 


1. There seems to be reasonably good statistical evidence for saying that, in the period 
between 1936 and 1951, an occupational risk of dying of bladder tumor could be demonstrated 
among men in England and Wales who were employed in rubber occupations. 

2. There is even better statistical evidence for saying that in a borough which is an important 
center of the rubber industry there is an occupational risk of contracting bladder tumor among 
men so employed. This evidence covers the years 1936-1950. 


3. There is no statistical evidence even to suggest that such an occupational risk of dying 
of bladder tumor was operating among men in these occupations in England and Wales in the 
period 1921-1935. 

4. These findings are consistent with, but do not prove, the hypothesis that the risk was 
introduced into the industry with the aforementioned antioxidant in 1928. 

5. When the trend of these studies became known, the manufacturers of the antioxidant 
voluntarily ceased its manufacture, and the rubber industry immediately discontinued its use. 

6. Cases of bladder tumor have also been noted in fitters, engineers, and others in ancillary 
jobs in the rubber industry who might be expected to have intermittent contact with contaminated 
machinery. No statistical data are available to enable an opinion to be formed about the possible 
occupational origin of these cases. 


INTERDIGITAL SINUSES OF BARBERS’ HANps. A. R. Currie, T. Gipson, and A. L. Goopatt, 
Brit. J. Surg. 41:278 (Nov.) 1953. 


When a barber came to the Surgical Outpatient Department of their hospital with an inter- 
digital sinus of the hand, Currie and associates were unable to find a similar case in their records 
but were surprised to find four others as a result of casual inquiry at their barber shop. When 
subsequently they examined the hands of 77 men’s hairdressers from 18 shops, they found 10 who 
showed the lesion in some stage of its development. Inspection of the hands of 61 ladies’ hair- 
dressers revealed not a single lesion of this type. 

The authors emphasize that this lesion is produced by the short, sharp, clipped hairs from 
men’s heads, not by the usually longer, softer hairs of women. Observations on 11 cases of 
interdigital sinuses of the hands are reported, bringing the total number of such cases reported 
in the literature to 29. This number bears no relation to the incidence of the lesion, which is 
common among barbers. The pathology and mode of development of these sinuses are described, 
and the tissue reaction to hairs is discussed. 

In the early shallow pitted stage of the lesion, excision has not been advised or undertaken, 
for if the patient removes all hairs from the web each night the lesion does not progress. Once 
it has advanced beyond this stage, however, surgical excision is the treatment of choice, particu- 
larly if repeated infective episodes have occurred. Care must be taken to remove any deeply 
situated granuloma. Six of the eight patients so advised accepted operation. Two with multiple 
sinuses required a free skin graft after excision, the opening in the remainder being closed by 
direct suture. Primary healing occurred in each case, and the results were satisfactory. 

The authors feel that, if barbers paid sufficient attention to hand hygiene and were careful 
to remove all hairs from their finger webs at the end of each day’s work, this lesion could be 
prevented. 


CriticaAL OBSERVATIONS ON X-Ray TECHNIQUE IN Siticosis. O. Zorn, Beitr. Silik. Forsch. 
No. 21, 1-33, 1953. 


In spite of technical improvements, diagnosis of the stage of “presilicosis” still presents 
difficulty, since its manifestations do not always give a typical x-ray picture, and some variations 
may be due to certain contrast procedures and to varying distances between body and screen. 
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With long experience of distances varying from 20 to 50 cm., the author has been unable to 
make an absolute diagnosis in every case, and differential diagnoses between healed tuberculosis 
and lymphatic enlargement are especially difficult. 

The author finds much benefit from the use of very fine focus tues, with an optimal aperture 
of 0.3 mm., giving a punctiform light source. With “hard” x-rays (110 to 125 kv.), the exposure 
time can be shortened to 0.06 to 0.1 second, thus reducing fogginess due to movement of the 
lungs and pulsation of the lung arteries. 

The most important application of the fine focus tube is in enlarged roentgenographs; the 
film is placed 50 cm. from the midline of the patient’s body, which itself is 50 cm. from the 
focus ; the picture is therefore much enlarged. The enlargement is calculated 

a Focus-film distance 
Focus-object distance 

To obtain a picture as nongranular as possible, the author finds the Adox-Film 5515 Type 70 
most suitable; it gives smoothness, clarity, and gradation and is long lasting. Illustrations of 
suitable apparatus built to the author’s requirements by the firm of Siemens-Reiniger show the 
tube holder set to maintain a constant distance between patient (midline) and focus of 50 cm.; 
the distance between patient and plate can be varied by forward or backward movement of the 
screen, and special parts of the lung can be fluoroscoped without special montage. 

Illustrations of lung roentgenographs show the comparative results in sharpness of structure 
detail, with various procedures. 

The special advantage of the fine focus tube is the sharp contrast and smooth picture which 
it produces. It enables a distinction to be made between miliary tuberculosis and early silicosis, 
the reticulosis due to thickening of interlobar septa being much finer in the latter, while the 
rapid variability of nodule formation, a distinctive diagnostic feature of tuberculosis, is well 
shown. When used with the enlargement technique, it also shows the finest nodules and 
emphysematous nuclei present in the so-called “perivascular silicosis,” which the author con- 
siders anatomically identical with the condition known in England as anthracosilicosis. 


EtHevt BrownineG [Bu tv. Hya.]. 


X-Ray Investications 1n Coke Workers. H. Dickmans and O. Scum1pt, Beitr. Silik.- 
Forsch. No. 21, 35-54, 1953. 


Generally speaking, the only coke workers liable to dust injury are those employed as oven 
masons, dealing with fireproof stone in repair and building operations. The authors have 
investigated 113 coke workers, 93 employed chiefly as oven masons, and 20 nonoven workers, 
including some with more than 20 years’ employment and of the highest age group. In the 
whole group, 61 showed no dust variations in the lungs, 23 increased striation, 26 early silicosis, 
2 early to low-grade, and 1 Grade I-II. Among the oven masons, 50 showed no change, 19 
increased striation, 21 early silicosis, 2 Grade O-I, and 1 Grade I-II. 

Most of those affected had worked over 20 years, and though the numbers of nonoven 
workers were too small to be conclusive, the authors suggest that the danger from dust inhala- 
tion in these men is not significant. The larger number of cases in the oven workers is explained 
by their use of stone containing quartz and silica. In 24 cases there were signs of inactive 
tuberculosis. 

In 100 of the 113, roentgenography was repeated by the direct enlargement technique, by 
means of Zorn’s method of hard x-rays (100 to 120 kv.) with a fine focus tube of 0.3 mm. 
aperture and an average focus-film distance of 1 m., giving an enlargement of 1: 0.5. 

This technique is specially valuable in demonstrating increased striation and hilus enlarge- 
ment and in distinguishing the increased striation of “presilicosis” from that found in bronchitis, 
peribronchial infection, old age without any particular lung disorder, emphysema, early con- 
gestion, polycythemia, and deposition of dust and soot. The authors believe that a definite diag- 
nosis of “presilicosis” can be made only in the presence of reticulation, especially in the middle 
and lower lobes, and slight nodulation. Hilus enlargement is absent in many cases, especially 
in older workers. 

This is facilitated by the enlargement, which gives good contrast detail of increased striation, 
reticulation, and finest nodulation, which are often not clearly visible with the usual roentgeno- 


graphic technique. EtHet Browninc [Butt. Hye.]. 
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EXPERIMENTAL INVESTIGATION ON Dust PHaGocyrTosis. 


R. Gerstnc and H. SCHUMACHER, 
Beitr. Silik.-Forsch. No. 25, 31-61, 1953. 


The phagocytes of the respiratory surface of the lung constitute the usual defense mechatrasm 
against inhaled dust; this mechanism may be disturbed hy prolonged or massive dust inhalation, 
which causes inflammation of the bronchi and inhibition of the efficacy of the ciliated epithelium. 
That the variety of dust inhaled may influence the phagocytic reaction is suggested by the fact 
that carbon causes no limitation of lung function but is merely deposited in lymphoid tissue as 
an inert body, while quartz dust produces silicosis. 


In an attempt to investigate the relative phagocytic capacity of leucocytes and macrophages, 
the variations in their structure during phagocytosis of different dusts, the behavior of the dust 
within the cell, and the influence of particle size on phagocytosis, the authors have used a 
special technique of phase-contrast microscopy and cinematography. 


The leucocytes studied were obtained from centrifuged blood and were added to a drop of 
aqueous suspension of dust on a slide. They move at the rate of about 25 to 30 « per minute and 
develop short projections of ectoplasm, not true pseudopodia. During movement the granules 
present in the endoplasm flow into the surrounding ectoplasm, slowly enclosing the nucleus; the 
ectoplasm then moves back and the process is repeated. The capacity for movement is the best 
criterion of the condition of the leucocytes; very slow or irregular movement and the formation 
of long projections of plasma denote injury and degeneration, leading finally to disintegration. 


Phagocytosis is initiated by contact of the cell with dust, when a projection of ectoplasm 
surrounds the particle. If a large particle is not completely surrounded, the phagocyte moves on, 
leaving a part of the projection round it. The leucocytes cannot effectively take up particles 
greater than 3“; larger particles are broken up and retransported, small particles are at first 
deposited in the ectoplasm, near the surface, to which they tend to adhere in such quantity that 
the cell often becomes unrecognizable; there is never a clearly recognizable deposition of dust 
in the endoplasm. 

The macrophages were obtained from an extract of lung and spleen of chicken embryo, 
kept for 12 to 15 hours in a culture chamber. They have a slighter and slower motion than 
leucocytes, and the young cells develop longer pseudopodia; the old cells tend to undergo fatty 
degeneration. They have a greater capacity than the leucocytes for intake and storage of dust 
and can phagocytoze particles of 10 4, which are deposited in the endoplasm. After three days 
the phagocytes, especially those which have taken up little dust, show fatty infiltration, and after 
four days cells in the dust-free section are disintegrated, leaving a detritus, chiefly of fat drop- 
lets. 

Comparing the behavior of various dusts—carbon, quartz, aluminum, iron, and limestone—the 
authors found little difference in the manner and extent of their intake by macrophages or in the 
reaction of the cells themselves, except in the case of quartz. This was rather more rapidly and 
readily phagocytozed than other dusts, and the dust-filled cells lost their activity earlier and 
showed more vacuolation. The quartz particles also remained isolated and equally distributed 
within the cells, in contrast to the dust conglomerations formed by carbon and other mineral 
dusts. 


Polymorphonuclear leucocytes were found to have only a small capacity for phagocytosis of 
dusts other than quartz. 

The article is admirably illustrated by photographs giving a clear demonstration of the prog- 
ress of phagocytosis and the behavior of the phagocytic cells. 


[Butt. Hye.]. 


Lunc FuNcTION IN SILICOSIS AND ProGNosts AFTER CESSATION OF ExposuRE To Dust. 


P. Lucusincer and A. BiinumMANn, Ztschr. Unfallmed. u. Berufskrankh. 46:282-288 
(Dec. 15) 1953. 


The authors have attempted to determine whether lung function in silicosis bears any relation 
to the roentgenographic variations, whether there is any difference in functional condition in 


different occupational groups, and what is the progress of silicosis after cessation of exposure 
to dust. 
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The 300 men investigated included 105 miners, 18 sand blasters, 44 foundrymen, casters, and 
core makers, 52 stone hewers and stone breakers, and 9 metal grinders. 

Roentgenographic examination showed no silicosis in 12%, Grade 1 in 41%, Grade II in 26%, 
and Grade III in 21%. The time of exposure before manifest silicosis appeared was longest in 
the stone hewers and breakers, shortest in the miners and sand blasters. 

Lung function is classified as “latent” or “manifest” insufficiency, latent denoting a decrease 
in the basic respiratory and vital capacity with normal oxygen saturation of arterial blood, 
manifest denoting an undersaturation of arterial blood with diminished or occasionally normal 
respiratory reserve. 

In individual cases no relation was found between x-ray variations and lung function, but on 
the average the lung function deteriorated with increasing x-ray signs. 

There was no essential difference in functional condition in the various occupational groups, 
though the stone hewers and breakers showed, chiefly owing to their greater age, a rather higher 
percentage of latent insufficiency. 

With regard to the prognosis after removal from exposure, investigation of 46 patients (all 
but 3 in Grades I and I1) at least twice at intervals of two or more years showed that in more 
than one-half the lung function and x-ray picture had remained stationary, and in one-quarter 
the lung function had improved. Only three had deteriorated; these had been in Grade III when 


first investigated. Brownine Hye.]. 


CLINICAL EXAMINATION OF WORKERS WITH MORE THAN Five YEARS’ CONTINUAL WELDING 
Experrence, A. AHLMARK and B, LONNBERG, Nord. hyg. tidskr. No. 11/12, 238-249, 1953. 


An account is given of the results of a clinical examination of 110 welders who had for five 
years or longer been engaged in electrowelding. 

The majority of the welders declared that the work with basic electrodes often entails a 
marked irritation in the throat and respiratory passages, which is ascribed to the effect of 
fluorides in the fumes (no resorptive fluoride effects have been shown to occur). With certain 
neutral electrodes, eye trouble is the chief complaint. 

Effects of lead, lead poisoning, and zinc ague had occurred in several cases. In one case 
poisoning with nitrous gases was observed. 

The only important objective findings that might be ascribed to the effect of welding fumes 
and gases have been the following: Spirometric examinations revealed in one case considerably 
heightened residual quotient and a further six cases with somewhat increased values. 

The summarized clinical assessment showed two cases with rather pronounced emphysema. 
In two other cases there were certain symptoms that might favor the assumption of a mild degree 
of emphysema. In one of these cases the person formerly had had lung empyema. All had been 
welding for 20 years or longer. The cases observed are considered to motivate further examina- 
tions of welders with specially prolonged working anamnesis. 

In 67 of the welders the examination showed a greater or less degree of impairment of 
hearing, which was connected with the fact that the majority of the workers examined are 
employed in mechanical workshops that are often very noisy. 


From tHE AuTHORS’ SuMMARY [BuLL. Hye.]. 


Industrial Toxicology 


Rote oF THE URINE IN VestcaAL NEOPLASM: I. EXPERIMENTAL CONFIRMATION OF THE 
Urocenovus Tueory oF Patuocengests. D. F. McDonatp and R. R. Lunp, J. Urol. 
71:560 (May) 1954. 


The experiments described aimed to find answers to two questions: (1) Do the urinary 
constituents play an important part in producing experimental bladder tumors? (2) Will 
established experimental tumors regress when deprived of contact with urine ? 

In 10 young adult female mongrel dogs and 29 adult male rabbits the dome half of the 
urinary bladder was surgically transformed into a pouch isolated from contact with the urine. 
The method varied slightly in the two species, but in all cases care was taken to preserve the 
blood supply to the pouch. The choice of sex in the two species was determined by the greater 
ease of cystoscopy in female dogs and male rabbits. 
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The animals received the carcinogen, beta-naphthylamine, orally. Capsules containing 600 
mg. were given daily to the dogs. A 0.1% solution of beta-naphthylamine hydrochloride was 
given ad libitum to the rabbits in place of drinking water. The daily voluntary intake averaged 
350 mg. 

Cystoscopy was performed at monthly intervals. It was found that bladder tumors can be 
induced in dogs by beta-naphthylamine. 

Rabbits are resistant to induction of beta-naphthylamine tumors in the dose and time selected, 
but hyperplasia and metaplasia may result. 

Epithelial contact with the urine is essential to the production of experimental bladder tumors 
in dogs. This confirms the urogenous theory of vesical carcinogenesis. 

Deviation of the urine from established experimental bladder tumors does not inhibit their 
growth. 

Renal adenoma and early transitional cell carcinoma of the collecting duct epithelium may 
be induced by beta-naphthylamine. 

The experiments show that urinary constituents have an etiologic role in the production of 
beta-naphthylamine bladder tumors in dogs. In no case did carcinoma develop in epithelium 
not in contact with urine. Carcinoma developed only in the bladder epithelium in contact with 
the urine. If a blood-borne carcinogen were responsible for tumor growth, then neoplastic 
change should have developed in the bladder epithelium in the pouch which had an intact blood 
supply. Neoplastic change occurring in the pouch of the animal whose pouch communicated with 
the bladder and hence contained urine demonstrated that the pouch epithelium was just as sus- 
ceptible as the bladder epithelium when properly stimulated. The active urinary carcinogen was 
not identified in this study, but the work of other investigators indicates that it is present in 
both blood and urine. 

The fact that hyperemia and telangiectasia were the first lesions noted on cystoscopy does 
not necessarily indicate a hematogenous route. Rather it may indicate that the urine-borne 
carcinogen is acting as an irritant, with resulting hyperemia. 


Discussion ON POISONING WITH ANTICHOLINESTERASES. R. Hotmes, W. K. Berry, D. R. 
Davies, and L. Austin, Proc. Roy. Soc. Med. 46:799-804 (Oct.) 1953. 


Most of the peripheral effects of these drugs are due to the potentiation of postganglionic 
parasympathetic activity as the result of the accumulation of acetylcholine at the effector organs. 
Thus miosis, salivation, rhinorrhea, lacrimation, bronchoconstriction with increased secretion in 
the trachea and bronchi, and bradycardia occur as the result of anticholinesterase poisoning. 
Peristalsis is markedly increased, and sweating occurs in those animals with cholinergic sweat 
glands. One of the most important peripheral actions is a neuromuscular block of the Wedensky 
type; the muscle is unable to maintain a tetanus from indirect stimulation, but single shock 
stimulation of the nerve or direct tetanic stimulation of the muscle is obtainable. 

The anticholinesterases can affect respiration in three important ways: first, by causing 
neuromuscular block of the respiratory muscles; secondly, by causing bronchoconstriction, and, 
thirdly, by direct inhibition of the central respiratory mechanism. 

It is suggested that the true (erythrocyte) ChE may provide a useful index that exposure to 
one of these inhibitors has occurred, and it may also act as a guide to the progress of recovery. 
As a result of work carried out by Berry, it appears that the relation between erythrocyte ChE 
and symptomatology depends to a large extent on the route of administration and the rate at 
which it is absorbed. 

Treatment of poisoning by these compounds is by the administration of atropine to counteract 
the muscarinic effects of acetylcholine. The authors studied the possibility of administering 
3,4-dihydroxyphenylalanine (DOPA) in order to reserve the inhibition of cholinesterase by 
isopropyl methyl phosphonofluoridate (Sarin), ethyl N,N’-dimethyl phosphoramido cyanidate 
(Tabun), and 3,3-dimethyl butyl-2 methyl phosphonofluoridate (Soman). 
found in therapeutic doses. 

Experiments designed to investigate the possible demyelinating effects of diisopropyl fluoro- 
phosphate (DFP), ethyl N,N’-dimethyl phosphoramido cyanidate, isopropyl methyl phosphono- 
fluoridate, and 3,3-dimethyl butyl-2-methyl phosphonofluoridate are described. The birds treated 
with diisopropyl fluorophosphate all developed chronic symptoms within 10 to 16 days; histo- 
logical examination of the tissues showed demyelination of both the ascending and descending 


No such effect was 
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tracts of the central nervous system. No changes, either symptomatic or histological, were seen 
in the birds treated with ethyl N,N’-dimethyl phosphoramido cyanidate, isopropyl methyl 


phosphonofluoridate, or 3,3-dimethyl butyl-2-methyl phosphonofluoridate. Sine ‘Mec. 


Co.tective Episope or ASPHYXIA FROM METHANE AND ACUTE CARBON MONOXIDE 
Porsontnc. Luict PARMEGGIANI, CARLO Sassi, and Sercio ZANARDI, Med. lavoro 
45:286-292 (May) 1954. 


This is a description of an episode of carbon monoxide poisoning, modified by concomitant 
asphyxia from methane, which occurred in a small underground room of a factory for the ad 
production of illuminating gas. Of the four men poisoned, one died. The findings were char- 
acterized above all by severe hemorrhagic manifestations, intense leucocytosis, electrocardio- 
graphic alterations, marked psychomotor excitement, and low values of oxycarbonemia in > 
relation to the objective severity of the cases. These findings, somewhat atypical for a carbon 
monoxide poisoning, are considered as manifestations of the concomitant asphyxia from lack of 


oxygen. 
From THE AuTHORS’ ENGLISH SUMMARY. 


Stupy ON THE PorRPHYRINS OF THE BONE MARROW AND PERIPHERAL BLoop IN LEAD 
PotsoninGc. Guritio Sarita, Luctano Moreo, and ALBerto Fastant, Med. lavoro 
45:293-299 (May) 1954. 


The content of porphyrins in the marrow and peripheral blood was studied in 21 workers 
affected by lead poisoning, 14 in the acute stage and 7 in the chronic stage. 

The following were the mean values obtained. In the acute stage, the marrow porphyrins 
(coproporphyrin and protoporphyrin) reach an average of 471 v per 100 cc. of red cells and the 
blood porphyrins, 440 7 per 100 cc. of red cells. In chronic lead poisoning, the total marrow 
porphyrins were 490 y and the blood porphyrins, 460 7 per 100 cc. of red cells. In cases of 
advanced lead-poisoned furrowed kidney, the marrow and blood porphyrins remain normal. 
Any other type of porphyrin is absent. 

In both forms of lead poisoning, the marrow and blood porphyrins are remarkably increased 
compared with the normal, without significant differences between the marrow and peripheral 
blood. The same behavior is shown only by the protoporphyrin, which constituted by far the 
greater and sometimes the exclusive part of the total porphyrins, On the other hand, the earlier 
and severer the intoxication, the higher is the value of the coproporphyrin, presenting higher 
values in the marrow blood than in the peripheral blood, where it is almost always absent in 
cases of chronic lead poisoning. A certain relation was observed between coproporphyrinuria and 
the coproporphyrin rate. The marked increase of the marrow coproporphyrin, which in acute 
lead poisoning represents the forerunner of the protoporphyrin, shows that the disorder of the 
hemoglobin metabolism is more marked in the acute stages than in the chronic stage of intoxica- 
tion. In chronic lead poisoning, in fact, where the hemapoietic regeneration is less tumultuous, the 
coproporphyrin is shown to be scarce, and the metabolic disorder still acting is evidenced by 
the protoporphyrin alone. The coproporphyrin decreases during its passage through the peri- 
pheral blood, most probably on account of the decrease of the inhibition exhibited by the lead 
on its utilization for the protoporphyrinic synthesis. The persistent marked increase of the blood 
and marrow protoporphyrin in cases of chronic lead poisoning, even when the coproporphyrinuria 
has returned to normal values, may assume a diagnostic importance which should not be r 


neglected. From THE Autnors’ ENGLISH SUMMARY. 


ACRYLONITRILE: Toxicity AND Action. Lurict CHIRINGHELLI, Med. lavoro 4§:305-312 
(May) 1954. 


In order to determine whether the toxicity of acrylonitrile is due to formation in living 
organisms of hydrogen cyanide, two determinations were performed: (a) the amount of hydrogen 
cyanide present at the moment of death in the blood of guinea pigs poisoned with deadly doses 
of acrylonitrile; (b) the efficiency in the treatment of acrylonitrile poisoning of common 
therapeutic measures used in cyanhydric poisoning. 

In all the guinea pigs which died after administration of a mean deadly dose of acrylonitrile 
(130 mg. per kilogram), the author found that hydrogen cyanide was present in concentrations 
varying from 0.098 to 0.280 mg. per 100 ml. of blood. 
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These concentrations were remarkably smaller than those which were to be found if the 
whole amounts of poison had been metabolized. Morever, such low concentrations could not by 
themselves be considered lethal to any animal. Common anticyanide drugs, such as dextrose, 
sodium thiosulfate, and nitrite, did not show any efficiency in preventing the poisoned animals 
from dying. In his conclusions, the author suggests that acrylonitrile is toxic not only because it 
gives off hydrogen cyanide but because it has a toxicity of its own. This toxicity is probably 
caused by its great chemical activity, which enables the poison to bind with various organic 


molecules of essential importan i ions. " . . 
ules of tial importance for vital functions From THE Enciish SUMMARY. 


Bioop-CLottinc Process CHronic BENZENE Porsontnc. Satta, EmMILio 
SARTORELLI, and Franco Cararesu, Med. lavoro 45:313-318 (May) 1954. 


e Fourteen workers from a rotochalcographic industry of Milan, affected by chronic benzene 
poisoning, were examined for the blood-clotting process by means of platelet counts and Howell’s 
determination of recalcification time and prothrombin time on whole plasma and plasma diluted 
to 10%. Seven of the workers were hospitalized, and these were subjected also to the determina- 
tion of the bleeding time and to clot retraction and capillary resistance tests. The results were as 
follows: more or less accentuated fall in the number of platelets in all but one of the patients; 
increase in the clotting time in eight cases, only one particularly severe case showing increase in 
the prothrombin time, with consequent deficit of the prothrombin activity (60% of the normal) ; 
increase in the bleeding time in two cases; slight clot retraction and positiveness of the capillary 
resistance test in three of the hospitalized cases, nonconstant relation between the degree of fall 
of the platelets and the elongation of Howell’s time. 

It is concluded that in chronic benzene poisoning the blood-clotting alterations are to be 
ascribed not only to the quantitative alterations but also to the functional alterations of the 
platelets (defect of the thromboplastic factor). 

Severer disorders of clotting caused by deficit of the prothrombin activity may be seen only 
in particularly severe cases; in the absence of manifest hepatic lesions these disorders seem to be 


caused by severe lesions of the marrow. From tae Excise SumMany 


On THE INJuRIES TO HEALTH Causep By Acetic ACID IN THE PRODUCTION OF CELLULOSE 
Acetate. Luict PARMEGGIANI and Carto Sassi, Med. lavoro 45:319-323 (May) 1954. 


Five workers who had been exposed for 7 to 12 years to atmospheric concentrations of acetic 
acid up to 0.200 mg. per liter, i. e., 8 times greater than the maximum allowable concentration in 
normal working conditions, and to 0.650 mg. per liter (26 times greater) during particular 
working phases were submitted to medical examination. The findings were as follows. The skin 
of the hands was considerably blackened, hyperkeratosic, furrowed with painful rhagades. The 
conjunctivas were hyperemic; no corneal lesions were observed. The pharynx was remarkably 
congested, with edema and serous secretion. The examination of the chest revealed chronic 
bronchitis, asthma-like in three cases and with initial emphysema in one. The teeth were 
blackened and showed spots of erosion on the vestibular surface of the incisors and canines. 
Also frequent were disturbances attributable to hyperacid gastritis. It is probable that with 
continual exposure the workers can become hardened to the subjective discomfort caused by 
acetic acid, while the organic lesions may, with the passing of time, be such as to cause a 


-rmanent decrease in t yorking capacity. 
permanent 1 ase in the working capacity From THE ENGLISH SUMMARY. 


a FRIBERG’S PROTEINURIA AND THE SERUM PROTEIN OF WORKMEN ExposepD To CADMIUM 
POISONING IN A Factory OF ALKALINE ACCUMULATORS. R. MASssIoNne and S. Facontt, 
Rass. med. indust. 22:305-317 (Nov.-Dec.) 1953. 


The manufacture of alkaline accumulators (storage batteries) has only recently developed in 
Italy, and the authors have carried out a clinical and laboratory examination of 11 employees 
in one factory. They give their findings for each case and outline the layout of the factory, 
which was in a two-story building, and the various manufacturing processes carried out. The 
working atmosphere was definitely dusty on the top floor and contained cadmium dust which 
arose from the manufacture of the negative plates and from the salvage of faulty plates. 
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In their paper the authors mention the findings of other research workers but quote no 
proper references. It had been the generally accepted view that occupational poisoning with 
cadmium is invariably of the acute type, but Friberg has described a chronic type characterized 
by proteinuria which can be revealed by adding nitric and trichloroacetic acids to the urine and 
which is distinct from Bence-Jones protein. Friberg, in addition, found a rise in the gamma 


globulins in the blood serum of the affected subjects, and he attributed this to liver changes 
resulting from the poisoning. 


Of the 11 workers who have now been studied, (a) 5 complained of such symptoms as rhinitis, 
nausea, vomiting, headache, salivation, sore throat, and dryness; (b) 3 of these and 2 other 
subjects had increased gamma globulin, and (c) 2 subjects (of whom one was in [b] only and one 
common to both [a] and [b]) showed Friberg’s proteinuria. One of the subjects had been 
operated on for tuberculosis of the kidney three years before, but he had shown no proteinuria 
when examined at the time. 

The authors suggest that though Friberg’s proteinuria may be due to chronic cadmium 
poisoning it is doubtful whether the increase in serum globulin can be so explained. 


J. Cavcnt Hye.]. 


InpusTRIAL Diseases Dur to Aromatic Nitro AND AMINO CompouNps. E. 
R. M. Loner, and H. Orro, Arbeitsmed. No. 27, 1953. 


This volume consists of three separate articles by three authors: 


1. Holstein on the general toxic action of aromatic nitro and amino compounds. In particular, 
the subjects stressed are absorption, excretion, toxic (acute and chronic) effects, and measures 
of prevention of poisoning. 


2. Loher on liver injuries caused by these compounds. The nature and pathological basis of 
the injury inflicted on the liver by representatives of the amino and nitro compounds in general 
are discussed, The author regards the liver injury not as a secondary effect of a general cumu- 
lative poison but as a direct action of the toxin on the liver cells. 


3. Otto on injuries of the heart and circulation caused by benzene and its nitro and amino 
compounds. The author attempts to confirm Koelsch’s view that benzene, its homologues, 
and its nitro and amino compounds exert their toxic action on the parenchymal cells of the heart, 
on its nutritive function, or on its nerve supply. He made electrocardiographic readings, histo- 
logical examination of the heart and blood vessels, and estimations of the glycogen content of the 
cardiac muscle in animals inhaling toxic concentrations of these substances. Cases of poisoning 
in men and women exposed to benzene, nitrobenzene, and trinitrobenzene were investigated in 
detail, and 100 workers exposed to both trinitrobenzene and hexanitrodiphenylamine were also 


examined. 


Hye. 


Two Acute Fatat Cases oF 


PoIsONING BY CADMIUM Vapor. W. REINL, Med. Klin. 
48: 1891-1893 (Dec. 18) 1953. 


Acute cadmium poisoning may arise either from inhalation of the vapor or from ingestion of 
foods or beverages cooked or kept long in cadmiumized containers; in the latter case acute 
gastroenteritis may occur after one-half to two hours. 

Inhalation of the vapor of cadmium metal or its compounds or alloys during welding, 
soldering, or smelting is followed first by upper respiratory irritation, then by alternating sensa- 
tions of heat and cold, nausea and vomiting, and after one or two days by pharyngitis, bronchitis, 
pneumonia, lung edema, and death. 

The author describes two fatal cases, the first during the manufacture of an antirust alloy 
containing 10% of cadmium, the second during the production of cadmium anodes. 

In the first case, shaking the molten metal by hand caused the emission of a brown fume. 
The man complained of difficulty in breathing; after four days pharyngitis and bronchitis were 
treated with penicillin, with no improvement, and the patient died on the fifth day from double 
pneumonia and circulatory failure. 

In the second case, a 73-year-old man omitted to use the exhaust ventilation provided and was 
exposed for a short time to a sudden development of brown fume. He continued to work until 
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the fourth day but complained of cough, pressure in the chest, weakness, and pain in the limbs. 
He was admitted to hospital on the 7th day, with a diagnosis of bronchopneumonia followin g 
inhalation of cadmium oxide, and died on the 11th day. 


The blood picture showed a shift to the left, and the sedimentation rate was raised; the 
urine contained albumin and the sediment red and white blood corpuscles. Autopsy showed severe 
purulent bronchitis, with some emphysema; the small intestine was dilated and filled with thin 
purulent mucoid feces. Microscopically there was inflammatory necrosis of the mucous mem- 
brane of the lungs and intestines, fatty degeneration of the liver, inflammatory cell infiltration 

of the interstitial tissue of the cardiac muscle, and an apparently recent nephrosis, with numerous 
tubular casts. The brain contained 0.302 mg. and the lungs 0.196 mg. per 100 cc. of cadmium by 
polarimetric examination. The cases demonstrated the high toxicity of cadmium oxide vapor 
and the need for intensive explanation of its danger in factories where it is used. The author 
suggests treatment by dimercaprol (BAL) and depot penicillin. 


Etnet BrowninG Hye.]. 


Environmental Conditions 


Device FOR PropHyLaxis oF Acoustic Trauma. R. T. Barton, California Med. 80:311 
(April) 1954. 


Tests were made to determine the possible prophylactic effectiveness of an earplug which 
contains a valve designed to control the amount of sound entering the ear, admitting con- 
versational tones but barring damaging noises. The hearing acuity of 34 persons was determined 
before they participated in target practice on a pistol-firing range. Eighteen of them then wore the 
earplugs on the range and 16 did not. Hearing acuity was again determined after the target 
practice, and it was noted that the loss of acuity was considerably less in subjects who had worn 
the plugs than in those who had not. 


NysTAGMuUs IN OTHERWISE NoRMAL Coat MINers. R. C. Browne and I. F. Beck, Brit. M. J. 
1:1176 (May 22) 1954. 


Fifty consecutive men, aged 52 years and 8 months on the average, with coal miner's nystag- 
mus, who were given certificates of disablement by the same certifying medical practitioner, were 
compared with 47 randomly chosen miners, without the disease, matched in respect of age, 
detailed job, and colliery. 


The medical histories, heights, and weights of the two groups were similar, but the men with 
nystagmus had slightly higher pulse and respiration rates and blood pressures. The nystagmus 
group did not have more psychological disease than the controls. 


The men with nystagmus had climbed their occupational ladder a little more quickly and had 
spent slightly more time at more responsible positions, such as that of deputy (or underground 
foreman). They had spent the same time in different kinds of mine lighting but had worked 
more in seams of medium height, which caused them to bend forward and look up at the same 
time. 


The men with nystagmus had married at the same ages, had lived in the same types of 
~ house, and had the same work preference and interests outside their work as did the men without 
the disease. 


The results of the authors’ study confirmed those of a study made of men certified with the 
disease eight years before; when related to the experimental production of the condition, these 
results lend no support to the opinion that coal miner's nystagmus is primarily a psychological 
rather than a somatic condition. 


TEMPERATURE SENSATIONS AND TEMPERATURE 
Tuaver, Arbeitsphysiol. 15:175-187, 1953. 


TOPOGRAPHY IN VENTILATED Suits. R. 


Forty-five three-hour experiments were made on a single subject wearing a ventilated suit. 
The environmental variables were room temperature (0 to 40 C.), the rate of flow (40 to 
350 liters per minute) and the temperature (10 to 50 C.) of the air ventilating the suit, and the 
insulation of the suit (0.6 and 3.0 “clo” units, or 0.11 and 0.54 C. x sq.m. x hour + kg.-Cal.). 
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Besides the warmth sensations and mean skin temperatures of the subject, his rectal temperature, 
suit-surface temperature, weight loss, water loss from skin and lungs, and metabolism, and the 
temperature of the air he inspired and expired were recorded. Computations were made of body 
heat production and heat loss. 

Jn earlier work, Yaglou and Messer had found that a given subject, wearing varying amounts 
of clothing and exposed to various climatic conditions, had the same mean skin temperature when 
he was comfortable (neither too warm nor too cool) whatever the combination of clothing and 
climate. 

In the present observations the subject was comfortable with mean skin temperatures that 
varied by as much as 3 degrees (C.) in different exposures. Comfort was achieved at the lower 


average skin temperatures in the cooler environments and with the smaller insulation value 
of the ventilated suit. 


The air supply to the ventilated suit entered the suit at three levels and was directed toward 
the face, hands, and feet. In the cooler environments and with the lighter insulation, the 
temperature of the air supply to the suit required to maintain comfort was necessarily higher 
than that needed in hot environments with the thicker insulation. When the head, hands, and 
feet were warmed by the warmer air stream supplied in the cooler environments, the subject 
was comfortable at a lower mean skin temperature, and, on the contrary, when the extremities 
were chilled by the ventilating air, a higher mean skin temperature was necessary for comfort. 
The unusual distribution of temperature over the various parts of the skin surface thus modified 
the usual relation between mean skin temperature and temperature sensation. 

It was found in some of the experiments that the subject was comfortable when he was losing 
heat at a rate above or below that at which he was producing it. Thus, from the practical stand- 


point, the wearing of a ventilated suit appears to be accompanied by a risk of overcooling or 
overheating of the body. Tuomas Beprorp [Butt. Hye.]. 


Determination of Air-Borne Contaminants 


OBSERVATION OF Dust IN MINES BY AN ILLUMINATION MetHop. W. B. Lawrte, A. T. 
Howmany, and E. B. James, Tr. Inst. Min. & Metall. 63:145-157 (Jan.) 1954. 


A new method of illuminating dust of respirable size range, so that it can be both seen and 
photographed, was recently developed in foundries. The present paper describes the application 
of the method to the detection of dust in normal mine operating conditions. A cinematograph 
film has been prepared, and still photographs from the film negative are included in this paper. 

Early results show that dust from holes being drilled by wet percussive drills leaks through 
the water and into the mine atmosphere. This is true of all tested percussive drills except the 
wet-vented South African type with water at 80 to 85 Ib. per square inch, which gives far better 
dust control than any other type of wet drill tested. A dry suction-type drill, which extracted 
the dust through a hollow drill steel, gave better dust control than any other system in the 
conditions of the test. Dry and wet rotary auger drillings were examined, and in both cases 
there was persistent leakage of dust into the general atmosphere from the hole being drilled. 

The work on a dry pneumatic pick showed a reduction in the dust cloud when the pick point 
was embedded in the rock, while the photographs taken on the wet pick indicated that the water 
supply was too late to wet the first burst of dust. 

Both scraper hauling and scraper loading produced dust clouds even on granite which had 
been lying in a wet bottom for eight months. 

Two attempts were made to photograph the movement of the dust and fumes from blasting, 
but the atmosphere was too dense to give sufficient contrast for photography. It was concluded, 
however, that dust movements remote from the blast could be photographed and used to indicate 
dust movement in the mine due to blasting. 

The blowing out of wet drill holes appeared to give dust clouds. 


Finally, work was commenced on photographic methods in an effort to avoid the glare 
produced by large volumes of water from processes involving wet dust control. 


Butt. Hye. 
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Ventilating, Air Conditioning and Engineering Control 


Evectrostatic ErFects tN Fivters ror A. T. Rossano Jr. and Lestie 
SILVERMAN, Heat. & Vent. 51:101 (May) 1954 


Test equipment and fundamental theory are presented for the filtration of aerosols through 
dry fiber beds where particulate material or filter media possess an electrostatic charge. A 
methylene blue aerosol (mass median diameter, 2 #) was charged positively, or negatively by 
passing through an ionizing unit being filtered through a 50 u Fiberglas bed. By means of a 
Rawson electrostatic voltmeter and a knowledge of system capacitance, total charge upon 
aerosols was determined. Experimental data indicated that base fiber efficiency was increased 
by about 12% for both positively and negatively charged particles, when the charge was in the 
order of 2 x 10° statcoulombs per gram. 


Measurement of charge on fibers induced by triboelectrification showed that charge was 


distributed upon the contact surfaces only. R. Dennis. Boston 


PAPILLOMA OF THE BLADDER IN THE CueEmicat. INpustry: A Stupy or Its Cause AND 
PREVENTION. Association of British Chemical Manufacturers, London, 1953. 


A field survey into the problem of the occurrence of bladder tumors in workmen engaged in 
the manufacture and use of certain compounds used in the dyestuffs industry, especially alpha- 
naphthylamine, beta-naphthylamine, and benzidine, has been completed. The data collected 
cover a 30-year period. Since the dangerous material can be absorbed either by inhaling dust 
or vapor or directly through the skin, the entire plant should be enclosed as far as possible, 
and the standard of cleanliness and of ventilation must be high. In consequence of its high 
carcinogenicity, the manufacture of beta-naphthylamine has ceased altogether in Britain, and it 
has been replaced by noncarcinogenic material as a starting point. New and safe plants have 
been built, embodying hygienic principles of good ventilation, exhaust ventilation, drainage, 
mechanical filters, and delivery of carcinogenic material in solution, rather than as solid, to 
avoid dust. 


Each operator should be supplied with a complete set of working clothing, including under- 
wear; baths should be provided and hours of work limited to eight daily. Medical and occu- 
pational records of workers should be kept, and workers should be trained in methods of 
avoiding contamination. Early diagnosis and treatment are essential and involve regular 
systematic examination by the Medical Officer of the factory. 


However gloomy the industrial papilloma problem may look in retrospect, it is claimed that 
there are now solid grounds for thinking that the practical steps already taken and being taken 
will successfully overcome the hazard. 


Butt. Hye. 


Dry PuriFicaTIon oF Hot GAseEs BY THE BRASSERT-KLING Process. H. A. Hinz, Staub 
31:19-28 (March 15) 1953. 


This is a method of removal of dust from hot gases by filtration through glass fabric. The 
glass material can be used at considerably higher temperatures than cotton or wool filters (up 
to more than 350 C.). Filter tubes made from it are rigid enough to be mounted on a frame, 
which is agitated from time to time to remove the dust collected, so that the tubes can be used 
repeatedly. A description of the plant and its operation is given, and extensive experiments are 
reported at working temperatures of the dusty gas up to 170 C. The dust content of the 
cleaned gas is of the order of 1.5 mg. per cubic meter and is largely independent of that of the 
dusty gas. Dust removals of about 99.97% are commonly obtained. Advantages claimed for 
the process are reduced capital and operating costs, smaller ground space occupied, lower heat 


loss from the gas during cleaning, reduced sensitivity to variations in load, and considerably 
longer filter life. —— 
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Some TueoreticaL Aspects or INpusTRIAL Accipent Causation: THE ACCIDENT 
Sequence. H. A. Hersurn, Occup. Safety & Health 3:113-118 (July-Sept.) 1953. 

The concept of an accident as being an unexpected, untoward ever., entirely fortuitous in its 
development and not subject to laws such as govern an experiment in chemistry or physics, 
does not bear logical investigation. 

Every industrial accident can be regarded as the result of an experiment conducted with the 
person or persons concerned and the machinery, plant, or process involved, in certain general 
circumstances of employment, for the purpose of ascertaining whether or not some particular e 
operation can be carried out safely. 

This article attempts to study some neglected causal aspects of industrial accidents. Produc- 
tion work is carried on by the efforts of persons who make use of machinery, plant, and apparatus ” 
or are employed in process work. The persons and the equipment fulfil the functions for which the 
undertaking exists. 

There are thus two factors: (a) the personal and (b) the material. These in conjunction can 
produce the desired result, unless there exists also (c), an unsafe actional factor which places 
the operator in immediate jeopardy, i. e., when latent risks pass to the active stage, to be pre- 
cipitated by some abnormal event. This expressed as a formula is 

Potential Risk = Personal Factor added to Material Factor 

Active Risk = Personal Factor added to Material Factor added to Unsafe Actional Factor 

Actional Sequence = Personal Factor added to Material Factor added to Proximate Causal 

Factor added to Unsafe Actional Factor 


For the accident sequence to be completed, the four factors must all converge in a period of 
time, which may be relatively small, e. g., as in an explosion, or longer, e. g., as with a heavy 
power press. The converging agent is the proximate causal factor, and the injury accident will 
inevitably occur and may involve a person not necessarily included in the personal factor but a 
third party, when all four factors are present in conjunction and in a state of convergence, 
unless advantage can be taken of the escape period which is dependent on the time of convergence. 
If the period of time allows for either the personal factor or the material factor to be with- 
drawn from the sequence before full convergence is effected, then the accident will be avoided. 
Removal may be effected by the following: (a) natural means, i. e., quick perception of the 
approaching danger by the person involved; (b) mechanical means which remove the person 
from the hazardous situation; (c) devices in a machine which automatically come into action 
should an accidental stroke occur, or (d) safety links or chains which sustain a load should the 
suspension device foul at a critical moment. 

An escape period which depends solely on a person should not be relied on. Therefore only 
means independent of personal factors should be used. Accident prevention involves the following : 
(a) careful attention to the material and proximate factors by safety and production executives ; 
(b) correcting by education and training the propensities of workers to perform unsafe acts, and 
(c) preventing the development of unsafe actional events during the course of employment. 

This is an excellent article which can be recommended to all those interested either 
practically or theoretically in the problems connected with accidents. It analyzes the complex 
factors involved in accidents both from the personal and the material points of view, and, while 
avoiding any dogmatic theories, it gives examples of the circumstances which are likely to reduce c 
accidents. 

An interesting study of an actual tragic accident is given, with an explanation of how it might 
have been avoided, Butt. Hye. 


Radioactive Substances and X-Ray 


Secectep AEC Reports or INTEREST TO INDUSTRY. ATOMIC ENERGY Commission, U. S. 
Department of Commerce, Office of Assistant Secretary of Commerce for Domestic Affairs, 
Office of Technical Services, 1954. 

This new series of bibliographies has been compiled and released by the Atomic Energy 

Commission to help American industry judge its interest in nonsecret literature reporting 

technology developed in the atomic energy program. 
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ABSTRACTS FROM CURRENT LITERATURE 


The new bibliography series selects from nearly 9,000 unclassified research and development 
reports issued prior to July, 1953, about 800 reports considered of particular interest to industry. 
This selection of reports is divided into industry categories, published as individual sections of 
the bibliography series. 

The entire set or individual sections of the series may be purchased from the Office of 
Technical Services, Department of Commerce, Washington 25, D. C. Cost of the set is $2.25, 
while costs of individual sections are as follows: Chemistry and Chemical Engineering, 45¢; 
Construction and Civil Engineering, Mining and Geology, 25¢; Electronics and Electrical 
Engineering, 35¢; Health and Safety, Industrial Management, 25¢; Mechanics and Mechanical 
Engineering, 25¢; Metallurgy and Ceramics, 35¢, and Nuclear Technology, 35¢. 

Many of the reports abstracted in the bibliographies may be purchased in full from the Office 
of Technical Services, or they may be inspected at the 40 regular AEC depository libraries 
located throughout the United States. Additionally, special industry information depositories 
are also being established in strategically located cities. To date, the Atomic Industrial Forum, 
Inc., 260 Madison Ave., New York, and the John Crerar Library, 86 E. Randolph St., Chicago, 
have been designated such depositories. 

General industry interest in current AEC technical reports is served by “Nuclear Science 
Abstracts,” the regular abstract journal of the Atomic Energy Commission. Issued twice monthly, 
NSA is available on a subscription basis for $6.00 a year from the Superintendent of Documents, 
Government Printing Office, Washington 25, D. C. 

The new bibliographies and the depository program represent part of AEC’s continuing 
effort to pass on to industry unclassified techniques and processes developed within the atomic 
energy program which could contribute to technical progress generally and to broadening 
industrial participation in the development of atomic energy for peaceful purposes. 
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NOTICE 
: The Annual Meeting of the American Medical Association will be held in Atlantic City, 
June 6-10, 1955. Physicians hoping to take part in that meeting should communicate with their 


Section officers as early as possible. Deadlines have been set, after which applications will be 
considered only if there are withdrawals in the program. 


DEADLINE FOR SECTION PAPERS, Dec. 15, 1954 
DEADLINE FOR SCIENTIFIC EXHIBIT, Jan. 10, 1955 
Communications should be addressed to the following: 


Section on Preventive and Industrial Medicine and Public Health 


Secretary—Frank Princi, M.D., University of Cincinnati College of Medicine, Cincinnati 19, 


Ohio 
Representative to Scientific Exhibit—Paul A. Davis, M.D., 633 East Market St., Akron, 
Ohio 


Section on Physical Medicine and Rehabilitation 


Secretary—Walter J. Zeiter, M.D., 2020 East 93rd St., Cleveland 6, Ohio 


Representative to Scientific Exhibit—Donald A. Covalt, M.D., 400 East 34th St., New 
York 16, N. Y. 


ANNUAL MEETING OF THE AMERICAN ACADEMY OF DERMATOLOGY AND SYPHILOLOGY 
The 13th Annual Meeting of the American Academy of Dermatology and Syphilology will be 
held Dec. 4 to 9, 1954, in the Palmer House, Chicago. 


Two new round-table panels will be added this year, one on “Cutaneous Testing” and the 
other on “Hereditary Dermatoses.” 


Seven special courses will be held the first two days at Northwestern University, at the 
University of Illinois College of Medicine, in the Palmer House, and at Billings Hospital of 
the University of Chicago. The courses will include histopathology, mycology, x-ray and 
radium therapy, bacteriology and virology of the skin, anatomy and embryology, and special 
problems in dermatohistopathology. 

Special lectures will be given by Dr. Arthur C. Curtis, Professor of Dermatology and 
Syphilology at the University of Michigan, on “Essential Familial Hypercholesterolemia and 
the Secondary Xanthomas” and by Dr. Sidney Farber, Professor of Pathology at Harvard 
Medical School and Director of Research at Children’s Cancer Research Foundation in Boston, 
who will discuss “Lipoidoses in Children.” 

Other special lectures will be delivered by Dr. Frederick Urbach, Associate Chief, Cancer 
Research (Dermatology), Roswell Park Memorial Institute, Buffalo, on “Treatment of Xan- 
thomas” and by Dr. Farber on “Biological and Chemical Approaches to the Treatment of 
Cancer.” 


Fifteen symposia and 12 round-table panels are also scheduled. 
There will also be 22 scientific exhibits and 89 technical exhibits. 


INTERIM AMERICAN BOARD OF OCCUPATIONAL MEDICINE 


The Interim American Board of Occupational Medicine is presently negotiating with the 
American Board of Preventive Medicine relative to the grouping of occupational medicine with 
other nationally recognized professional specialties in the general field of preventive medicine. 

For purposes of organization, it is desirable to know the number of candidates likely to apply 
for certification in occupational medicine under such auspices. Interested physicians are invited 
to communicate with Dr. Carl M. Peterson, Secretary, Interim American Board of Occupational 
Medicine, 535 No. Dearborn St., Chicago 10. 


452 


= 


NEWS AND COMMENT 


Application forms and other essential information will be sent to inquirers as negotiations 
proceed. Full instructions will include regulations governing basic eligibility, admission to 
certification without examinaticn, examination procedure, fees, and other details. 

Prompt response will be appreciated. 


ELECTION OF MEMBERS TO AMERICAN ACADEMY OF OCCUPATIONAL MEDICINE 


At a meeting of the Board of Directors of the American Academy of Occupational Medicine 


in New York on Sept. 24, 1954, the following physicians were elected to Membership in the 
Academy : 


Charles W. Asbury, M.D., Caterpillar Tractor Company, Peoria, Ill. 

Merrill R. Bay, M.D., Lake City Arsenal, Independence, Mo. 

Bernard Behrend, M.D., Philadelphia Inquirer & Triangle Publishing Company, Phila- 

delphia 

Sheldon P. Bliss, M.D., M. W. Kellogg Company, Jersey City, N. J. 
Elsa K. Chaffee, M.D., Eastman Kodak Company, Rochester, N. Y. 

Preston M. Dunning, M.D., E. I. du Pont de Nemours & Co., Inc., Kingston, N. C. 

Glenn S. Everts, M.D., Curtis Publishing Co., Philadelphia 

Frank J. Jarsen, M.D., Bohn Aluminum & Brass Corp., Detroit 

John F. Kilgus, M.D., Connecticut State Department of Health, Hartford 

Edward B. Mates, M.D., Allied Chemical & Dye Corp., Buffalo 

Robert S. Piper, M.D., du Pont Company, Augusta, Ga. 

Norbert J. Roberts, M.D., Pennsylvania Railroad Co., Philadelphia 

Gordon B. Wheeler, M.D., Pratt & Whitney Aircraft Division, East Hartford, Conn. 
Frank D. Brent, M.D., Aluminum Co. of Canada, Montreal 

John M. Lynch, M.D., National Institutes of Health, Bethesda, Md. 
Dr. Mac Roy Gasque, on leave from the Ecusta Paper Corporation of Pisgah Forest, N. C., 

for military service, was elevated from Member to Fellow. 


The Board of Directors voted to hold the next annual meeting of the Academy at the Hotel 
Warwick, in Philadelphia, on Feb. 10 and 11, 1955. Dr. F. B. Lanahan, of the Electric Storage 
Battery Company, is Chairman of the Program Committee for the meeting. 


INTERNATIONAL AIR POLLUTION MEETING 


The highlight of the first International Congress on Air Pollution (Theme: “A New Frontier 
—Air Pollution Control”), sponsored by the American Society of Mechanical Engineers, to be 
held in the Hotel Statler, New York, on March 1 and 2, 1955, will be the presentation of the 
Calvin W. Rice Lecture by Sir Hugh E. C. Beaver, Chairman of the Government Committee of 
Enquiry investigating the disastrous London smog of 1952, which killed 4,000 persons. 

The meeting, first of its kind in the world, will be one of the special features celebrating the 
75th anniversary of the Society, which held its first meeting in New York in November, 1880. 
Since the Donora (Pa.) disaster of 1948 and the great London smog of 1952, public interest in 
the subject of air pollution has grown steadily. The Society, recognizing the need for practical 
and technical experience to be focused on the problem, formed its Committee on Air Pollution 
Controls in 1949. This activity stemmed from earlier work by an ASME group, which cul- 


v minated in the publication of its model smoke law which forms the basis for most municipal 
erdinances on the subject. 

The 1955 International Congress is further recognition by ASME of the changing trends 

e in the problem. Distinguished experts from all parts of the world will gather in New York to 


discuss the latest developments in the study and control of the air pollution problem. 

Sir Hugh Beaver, who is Managing Director of Arthur Guinness, Son & Co., Ltd., has held 
many responsible appointments, aiding the government in the study of special problems, among 
them on “new towns” and the “Building Industry Working Party.” He has also held the offices 
of Director General and Controller General of the Ministry of Works. His new assignment, 
which came in 1953, poses the enormous task of coming up with an answer to the cause and 
control of London smogs. The 1952 episode, which began on Dec. 5 of that year, killed an 
estimated 4,000 Londoners and sickened and distressed many more. The full significance of this 
catastrophe was not immediately realized, and Sir Hugh’s committee was not appointed until 
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July, 1953. The vigor of his attack is evidenced by the publication of a useful interim report 
before the end of that year. A final report is expected by the end of this year or early in 1955 
and will form the basis of the lecture by Sir Hugh at the ASME meeting in March. 

The Calvin W. Rice Lecture was awarded Sir Hugh by the ASME in recognition of his many 
outstanding achievements in the engineering field. This lecture, which was created to honor the 
man who was ASME secretary from 1906 to 1934 and to further his ideals to increase under- 
standing among engineers of various countries and to broaden the programs of Society meetings, 
has been awarded to distinguished engineers each year since 1934. 


LATIN AMERICAN CONGRESS ON TUBERCULOSIS AND SILICOSIS 


The Sixth National Congress on Tuberculosis and Silicosis will be held in México, D. F., - 
Mexico, Jan. 23 to 29, 1955. The Sociedad mexicana de estudios sobre tuberculosis y enfer- é 
medades del aparato respiratorio extends to all physicians of the United States and other countries 


a cordial invitation to attend. Further information may be obtained by writing Balderas 32-312, 
or Apartado Postal 7267, México, D. F., Mexico. 


SYMPOSIUM ON INDUSTRIAL MEDICINE 


The University of Miami School of Medicine will sponsor a symposium on Industrial 
Medicine on Dec. 3 and 4, 1954. The meeting will be co-sponsored by the Council on Industrial 
Health of the American Medical Association, the American Academy of General Practice, and 
the Liberty Mutual Insurance Company. Inquiries concerning the Symposium may be obtained 
from Dean Homer F. Marsh or Dr. William B. Deichmann, chairman of the meeting, Depart- 
ment of Pharmacology, University of Miami School of Medicine, Coral Gables, Fla. 


McINTYRE-SARANAC CONFERENCE ON SILICOSIS AND OCCUPATIONAL CHEST DISEASES 


A Conference on Silicosis and Occupational Chest Diseases, jointly sponsored by the McIntyre 
Research Foundation, of Toronto, Canada, and the Saranac Laboratory, of Saranac Lake, N. Y., 
has been arranged for Monday, Tuesday, and Wednesday, Feb. 7, 8, and 9, 1955, in the Town Hall 
at Saranac Lake. 


These two organizations have for many years been conducting research along parallel lines. 
It is a significant development in the field of research that they have decided to pool their 
resources for this Conference. The papers to be presented in the five full sessions will all 
report on original work conducted or sponsored by either the McIntyre Research Foundation or 
the Saranac Laboratory. In addition, there will be papers presented by guest lecturers. 

Physicians, scientists, and businessmen concerned with the problems of occupational chest 
diseases in all parts of the United States, Canada, and foreign countries are invited to attend. 

Anthony J. Lanza, M.D., formerly Director of the Institute of Industrial Medicine and now 
Emeritus Professor of Industrial Medicine at New York University-Bellevue Medical Center, 
has been named Chairman of the Conference. He is also Chairman of the Scientific Program 
Committee, which comprises Dudley Irwin, M.D., Medical Director, Aluminum Company of 
America, Pittsburgh; Guy Hannon, M.D., Medical Director, McIntyre Research Foundation, 
Washington, Pa.; Gordon M. Meade, M.D., Executive Director of Trudeau-Saranac Institute, 
and Gerrit W. H. Schepers, M. D., Director of the Saranac Laboratory. 

The business arrangements, including reservations, will be handled by Norman R. Sturgis Jr., 
and the treasurer will be Clarence L. Wagner, both of the Trudeau-Saranac Institute staff. All 
communications concerning the Conference should be addressed to Mr. Sturgis, Saranac Labor- 
atory, Saranac Lake, N. Y. 
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when resistance to other 


antibiotics develops... 


Chloromycetin 


Current reports’ describe the increasing incidence of resistance among many 
pathogenic strains of microorganisms to some of the antibiotics commonly in 
use. Because this phenomenon is often less marked following administration of 
CHLOROMYCETIN (chloramphenicol, Parke-Davis), this notably effective, broad 
spectrum antibiotic is frequently effective where other antibiotics fail. 


Coliform bacilli—100 strains 


up to 43% resistant to other antibiotics; 
2% resistant to CHLOROMYCETIN.! 


Staphylococcus aureus—500 strains 
up to 73% resistant to other antibiotics; 
2.4% resistant to CHLOROMYCETIN.2 


CHLOROMYCETIN is a potent therapeutic agent and, because certain blood dyscra- 
sias have been associated with its administration, it should not be used indiscriminately 
or for minor infections. Furthermore, as with certain other drugs, adequate blood 
studies should be made when the patient requires prolonged or intermittent therapy. 
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